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OBITUARY NOTICES OF FELLOWS DECEASED. 


Karu Ervyst von Barr, one of the ten children of Magnus von Baer, 
was born at the family estate of Piep, in Esthonia, on the 28th of 
February, 1792. The first seven years of his life were spent in the 
house of his childless uncle, Karl von Baer, who seems to have had a 
wholesome dread of premature teaching, for when the young nephew 
returned in his eighth year to his father’s house in order to be educated 
with his sisters, he did not so much as know his letters, though he had 
so far grown in mind as to be heartily ashamed of his backwardness. 
He speedily, however, made up for lost time, and in 1807 was entered 
at the High School of Reval, which he left in 1810 to join the Uni-. 
versity of Dorpat. Already drawn towards natural history, and 
especially towards botany, he became a student of medicine, and on 
the 29th of August, 1814, took his degree of doctor. The medical 
teaching at Dorpat was at that time far from satisfactory ; from none 
of his masters save from Burdach, the physiologist, can Baer be said 
to have learnt anything, and when he became doctor he felt that his 
medical training had yet to begin. He accordingly moved to Vienna ; 
but the more he tried to throw himself into purely medical studies, the 
more he felt that fate had not destined him for an active professional 
life. In the spring of 1815, happening to make with a friend a visit 
to the neighbouring Schneeberg, the Alpine flora he there found so 
powerfully revived his repressed love of botanical studies, that he 
determined at all risks to devote himself as far as possible to science. 
An accidental interview with von Martius determined him to place 
himself in the same summer under Dollinger, at Wurzburg, and the 
merit of having*made von Baer an anatomist must be reckoned to the 
credit of that worthy teacher. Thither also came Baer’s friend and 
countryman, Pander, to begin under Dollinger those studies on the 
development of the chick in which Buer was destined afterwards to 
take so great a part. At Wurzburg, however, Baer showed nothing 
more than a friendly interest in these investigations, and when in 1817 
he moved to Kénigsberg to become prosector to Burdach, who had in 
1814 been transferred thither from Dorpat, he threw himself with 
- zeal into the ordinary anatomical and zoological studies. He had 
spent the previous winter in Berlin in order to fit himself more fully 
for his new post. His activity soon made itself felt; besides his purely 
anatomical lectures and demonstrations he found time to deliver an 
- anthropological course, thus early indicating the tendencies to which 
he gave up so many of his later years, and in 1819 to establish a new 
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zoological museum. In the same year he was made Professor Extra- — 


ordinarius, and, looking upon himself as now settled at Konigsberg, 
married Fraulein von Medem. In 1822 he became Professor Ordi- 
narius, and in 1826 succeeded Burdach as Professor of Anatomy and 
Director of the Anatomical Institute. 

Ever since his arrival at Konigsberg he had devoted himself with 
great energy to zootomy, and published several zoological and ana- 


tomical papers, notable among which is one containing the first — 


exposition of his views on animal types. In 1818, however, he received 
from his friend Pander a copy of the monograph on the development 
of the chick, the study of which led him in the spring of 1819 to 
commence those embryological investigations with which his name will 


ever be connected. These were carried on with unwearied diligence 


for seven years, and it was not until 1827 that he made his results 


known in the form of a contribution to Bardach’s Physiology. In: 


his capacity as editor, however, Burdach saw fit to make so many 
changes and omissions as greatly to dissatisfy Baer, who determined 
to publish his researches in an independent form. This he did in 1828 
under the title of ‘“ Ueber Entwickelungsgeschichte der Thiere, Beo- 
bachtung und Reflexion.” Meanwhile, in the spring of 1827, he had 
made the important discovery of the existence of the mammalian ovary 
in the ovum. | 

The ‘‘ Entwickelungsgeschichte ”’ consists, in the first place, of a de- 
tailed chronological description of the development of the chick in the 
egg; and, in the second place, of general deductions and reflexions in 
the form of scholia and corollaries. Almost immediately afterwards 
Baer began a more general and systematic account of development 
under the title of “‘ Vorlesungen tiber Zeugung und Entwicklung der 
organischen Korper.” The first sheets of this were printed in 1829, 
but the work was then interrupted for several years, and was finally pub- 
lished without the author’s perminnion in 1834 as the second part of 
the “ Entwickelungsgeschichte.” 

In 1827 Baer received an invitation to become a member of the 
Academy of Sciences at St. Petersburgh. This he did not immediately 
accept; but in 1829, without resigning his professorship at Konigsberg, 
made a journey to St. Petersburgh to see whether it would be possible 
for him to carry on his investigations in that city. He found, how- 


ever, the hindrances to work so many and great, that he declined the | 


call and returned to his old post, throwing himself with renewed 
vigour into his studies. A few years later these incessant labours 
began to tell upon his health. He grew enfeebled, his nights became 
sleepless, and he began to fear that his work was ended. Just at this 


juncture his elder brother, who was in possession of the family estate, 


died, and his sisters strongly pressed him to undertake the charge of 
the property which would eventually pass to his own son. These 
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seiynorial duties would be perfectly compatible with a residence at 
St. Petersburgh, and accordingly in the summer of 1834 he bade 
good-bye to the scene of his labours and triumphs, and at the end of 
the year entered upon his new duties at St. Petersburgh as zoological 
member of the Academy of Sciences. He soon afterwards became 
one of the librarians of the Academy’s library, and in 1841 was 
| appointed Professor of Comparative Anatomy and Physiology in the 
Medico-Chirurgical Academy; this latter post, however, he resigned 
after a few years. 

- With his departure from Koni gsberg Baer’s labours as an embryo- 
| logit may be said to have closed ; the rest of his life he devoted to an- 
thropology, using that word inits widest sense. He took advantage of 
= his position in the Academy to employ the resources of the Russian Em- 
= pire in collecting materials for the study of the natural history of man. 
‘“‘ Das Studium der Bildungsgeschichte des menschlichen Geschlechtes, 
die héchste aller Wissenschaften.” Not content with setting out others 
on travels of inquiry, with drawing up instructions as to what they 
' should observe and collect, with directing and superintending the 
publication of their results, he must needs himself undertake long 
| Voyages; and these were at intervals continued until he had reached 
| an advanced age. In 1837 he journeyed, not without dangers and 
= hardships, to Nova Zembla, and again in 1840 to the North Cape. 


| In 1851 he began with the assistance of the Imperial Government a 
== series of voyages in order to investigate the conditions of the fisheries 


of the Russian Empire. Besides shorter visits to the northern seas he 
spent nearly the whole of four years, from 1853 to 1857, in the neigh- 
bourhood of the Caspian Sea, returning to St. Petersburgh twice only 
during the interval. And in 1860 he again journeyed south, this 
- time to the Sea of Azov. In all these wanderings he had in view the 
solution of problems not only of national economy but of the distribu- 
tion and conditions of life of animals, plants, and man, of natural 
history, in fact, in its widest sense. It was chiefly in the interests of 
anthropology that in 1858-61 he visited the museums of, the Continent 
and of London. 

In 1864 he celebrated the jubilee of his doctorate, on which occasion 
was published, in a handsome volume, an account of his life, written 
by himself, at the request of the Ritterschaft of his native province. 
The same year, however, brought sorrow as well as joy, for it took 
from him his wife; and feeling himself now weighted with the burden 
of years, he resigned his post as ordinary member of the Academy,. 
becoming an honorary member instead, and in 1866 removed to 
| Dorpat, where he could live more quietly than in the imperial city, 
and where he was nearer to the family estate. But not even here did 
he altogether rest, devoting much time in these later years to an 
exposition of his general views, and especially to a criticism of 
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Darwinism, of which he remained to the end an opponent. His 
activity was at last broken by the increasing infirmities of old age, 
and on the 28th November, 1876, at five in the afternoon, he passed 
away. Only ten days before his death had he prepared for publica- 
tion a communication to the “ Archiv. fir Anthropologie.” _ 

In 1854 he was elected a foreign member of the Society, and in 
1867 he received the Copley medal. 


Thus, as with so many other great men, Baer’s intellectual life § 


passed through two phases: an embryological phase to which the 


strength of his manhood was devoted, and an anthropological phase § 
which absorbed the energy of his later years. And, as with other | 
great men, it is by virtue of the earlier phase that his name is destined | 
never to be forgotten. It is no disrespect to his later labours to say § 
that they cannot, in importance, be for one moment compared to the | 
work of those seven years which produced the ‘“ Entwickelungsge- | 
schichte.”” When, in 1819, Baer put his hand to the plough, sixty 7% 
years had passed since Wolff published his ‘‘ Theoria Generationis,” and @ 
during the whole of that long interval there had been no worthy em- @ 
bryological work, save Pander’s tract, which, though admirable, was 
but a fragment; the skeleton which Wolff had put together had as § 

yet to be clothed, and the views to which Wolff’s genius had by in- @ 
stinct led him, needed still to be made sure by detailed proofs. When 7 
_. in 1828 Baer sent his sheets to the press, the story of the growth of @ 

the chick was in its main features complete. The varied manifold S 3 

labours of embryologists since that day have filled up gaps and @ 
rounded off angles in Baer’s edifice, but they have hardly touched the § 


structure itself. 


But it is almost the least of Baer’s merits to have made known a | | 


mass of new facts touching the formation of the bird and other animals. 
Facts were to him useless, save as bricks wherewith to build up true 


views of nature. All through his slow toilsome study of the folds § 
and twists, the thickenings and thinnings of the growing chick, he 


was supported by the sare hope that in the flitting shadows of em- 
bryonic forms was to be found the key to the laws of animal organisa- 
tion. He wrote to Pander, “ Gleich einem leuchtenden Strahle schoss 
es mir durch die Seele, dass der Typus im Ban der Wirbelthiere sich 


allmahlig im Embryo ausbildet.” It is not on account of the extent # 


and accuracy of his work, for others, such as Rathke, have been as 


laborious and accurate, that Baer’s inquiries mark an epoch. It is #% 
“because he was the first, if not actually to see (for Merkel had some § 
twenty years before laid hold of the same truth), at least clearly to | 


enunciate, and indeed to demonstrate, the important law that the 
embryonic phases of the individual are tokens of the relations of kind 
and race. 

Working as we do now in the light of the doctrine of natural selec- 
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tion, we can see that Baer stopped short when he ought to have gone 


‘on. He was satisfied when he had applied his law of “ progress from 


the general to the special,” so far as to make it clear that the manifold 
forms of animal life were educts of a few general types. He did not 


see, and to the end refused to admit, that these types were themselves 


the educts of an evolution. And the antagonism which in his later 
years he manifested towards modern views of evolution and recent 
embryology was based on the feeling that the new doctrine swept 
away the necessity for ultimate abstract types. Like the theory of 


Hm epicycles in the old astronomy, Baer’s views have succumbed before 


a simpler conception, of the truth of which the results of his own 


labours afford some of the strongest supports. Like the epicyclists, 


Baer largely prepared the way for the wider doctrine which has 
swallowed up his own. 
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PROCEEDINGS 


OF 


THE ROYAL SOCIETY. 


DV 


January 10, 1878. 
Sir JOSEPH HOOKER, K.C.S.1., President, in the Chair. 


The Presents received were laid on the table, and thanks ordered 
for them. 


The following papers were read :— 


a I. “Magnetic Observations taken during the Transit of Venus 
7 Expedition to and from Kerguelen Island.” By the Rev. S. 
J. Perry, 8.J., F.R.S. Received October 13, 1877. . — 


In a previous paper, on the elements of terrestrial magnetism 
| observed at Kerguelen, the reason is mentioned why it was not deemed. 
advisable to take magnetic observations at sea during the voyage; the 
| results, therefore, in this paper are entirely confined to the determina- 
tions of the Dip, Intensity, and Declination of the earth’s magnetic 
force at the several places at which we landed. On our outward 
journey we had no opportunity of using our instruments, except at the 
Cape of Good Hope, but on our return we were much more fortunate, © 
as H.M.S. “Volage”’ made a stay of at least two days at Point de 
Galle, at Bombay, Aden, Port Said, and Malta, and we utilised all 
these opportunities except the first. From Malta, the Rev. W. Sid- 
greaves and myself returned to England by Sicily, Italy, and France, _ 
| and, taking our magnetic instruments with us, we were able to observe 
at Palermo, Naples, Rome, Florence, and Moncalieri. As we 
‘previously made a complete survey of France in 1868 and 1869, 
thought it too early to repeat the observations. The instrumental 
- corrections and constants have alteady been given in the former paper 
on Kerguelen, it will, therefore, suffice to refer to that communication 
for any necessary details. ys 
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TaBre I. 
Station. Place of Observation. Latitude. | Longitude. .| Authority. 
Cape Town} Observatory..... 33 56 38.) 1 13 550 E N.A. 
Bombay..| Colaba Observatory. . 18 54 25 N./ 4 51 39°63 |C. des Temps); 
The College ............|18 56 7 4 51 43°63 ‘i |; 
Aden ....| Near Church at entrance 
| to town. .| 12 46 15 3 0 40°63 Po 
Port Said | Garden of Monastery .. 3113 0 2 912 Atlas. |j 
Malta....| Garden of Governor's Pa- 
lace, S. Antonio ......| 35 53 50 058 463 | C. des Temps|@ 
Palermo..| Botanical Gardens ......|38 6 44 0 538 2417 N.A. Be 
Naples ..| Observatory .. .| 40 51 46°6 | 0 56 58°86 ss 
Rome....| Observatory Coll. “Rom... 41 53 522 | 0 49 54°7 
Florence.. | Garden . .|438 4641 |045 1°46 99 
Moncalieri| Garden of Palace... 44 59 53 0 30 48°77 | Observatory. | 7 


The Magnetic Dip. 


The long sea voyage, with its great variation of temperature, was | 
very trying for the delicate portions of the instruments, and as we} 
found that No. 1 Needle had been slightly injured by rust, it was# 
never used during our home journey. In the last column of Table IIe 
the daily mean values of the dip are entered, but it was only at Cap 


Town and at Bombay that observations could be taken on more than 7 


a single day. Needle No. 2 seems to read about 30” higher than 
No. 3, but no correction has been applied to either, as the amount is} 
considerably less than the usual errors of observations. 


Tasie II. 
: Needle | Needle Needle Dail 
Station. Date. No. 1. No. 2. - No. 3. Masa. 
Cape Town .| 1874. July 27 | —56 6 7| —55 57 47| — 56 3 30| — 56 2 28 
August 19 4 0); — 56 030) — 56 215 
Bombay Coll.| 1875. April 7 ‘a ee 20 416 - 
» Ob: 20 9 15 20 6 46 
servatory.. 1914 5 19 14 5 
19 15 15 19 15 | 
Port Said ..|- May 15 ae 42 33 35 42 30 12 42 31 54) @ 
51 36 42 51 36 42) 
Palermo.... so ae ve 54.17 47 54 18 28 5418 8 
Naples .... June 3 oe 57 013 57 033; 57 O 23 
1 Rome.. — a 58 51 53 58 49 56 58 50 55 
Florence. . » 19 60 13 60 13 0 
Moncalieri. . 62 55 1 62 56 23 62 55 42 


As previous observations of the magnetic dip, taken at different | 
times at several of the above stations, have been collected and reduced : 
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to the epoch 1840-45, by Sir Edward Sabine (Cf. Phil. Trans., 1868), 
Bit may be well to compare the values for the two epochs, in order to 
ascertain the secular variation. 


III. 

Station. 1842-5. 1875. Annual change. | 
Cape Town ....; — — 56° 2’ 22” — 469 
19 14- 40 +156 
Aden.. vee 5° 1 5 28 9 + 0 68 

53° 5 51 36 42 ~ 3 49 

Naples (1845) 58° 48’ 45” 57 0 28 3 45 
4 Rome (1847) ..| 59 49 4 58 50 55 ~ 2.09 
Florence (1844) : 61 54 30 60 18 0 — 3 28 
| 
The values of the dip at the Cape of Good Hope, from 1751 to 1851, 


| thave been collected in vol. i of the Cape Magnetic Observations, and 
7ethese give, for the yearly increase in the south dip of the needle, 
©) — 6-94 from 1751 to 1840, — 5°45 from 1841 to 1846, and — 5'-58 


® @efrom 1843 to 1851. The quantity in Table III shows that this decrease 
. fin the acceleration is still continuing. 

7 The inclination observed at the College in Bombay i is very extra- 
; @eordinary, and would at first sight appear to have been entered incor- 


Merectly. The result, however, agrees perfectly with the observed angles, 
Wand as two complete observations were taken with Needle No. 3, and 
Ti these fairly agree, it may be supposed that the instrument was stand- 
@Fing at the time over an unsuspected mass of iron capable of deflecting 
Me the suspended needle, through an angle of nearly a degree. The paper 
“i by Mr. C. Chambers, in the Phil. Trans. for last year, gives 19° 8'°5 as 
- ja the most probable value of the dip for January Ist, 1871, at the Colaba 
Observatory, with a secular change of + 1'9. This magnetic element 
© would, therefore, appear to be altering more rapidly at present than its 
© mean rate of change during the last 30 years. The angle observed in 
& 1875 is very slightly in excess of that computed for the same epoch 
® from the data of Mr. Chambers. 
The low value of the secular change at Rome is quite exceptional, 
but if we compute this quantity for the epoch 1849 from the figures 
@e given in Sir E. Sabine’s report, we again obtain — 2'09, showing 
| @that, if there be an error, it is due to local causes. 


The Magnetic Intensity. 


™ At each station the horizontal component of the magnetic force was . 
mdetermined absolutely by vibrations and deflections, and the total 
Peintensity deduced from the horizontal force combined with the dip. 
w= the magnets employed throughout were the same as those used at 
Kerguelen, and no departure from the usual methods was ever found 
necessary. 
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during Transit of Venus Expedition. 


TaBLe V. 

0 °45626 3 °9107 9°5361 | 10°3068 
0 °45595 4,°3128 6 °4039 7°7208 
0 °45591 4°3111 6 °4005 7°7170 

0 °45456 4,°3056 6°3930 7 °7077 

Bombay College........ 0 °45406 8 0354 2 °9425 8 °5572 
»  Observatory.... 0 °45456 8 2°8210 8 

0 °45452 2 °8207 8 °5621 

0 °45465 8 ‘0869 2°8217 8 *5650 

0 °45423 7 °6289 0 -7304 7 ‘6638 
0°45380 7 ‘6216 0 °7297 7 °6565 

0°45421 6 °4056 5 °8762 8 °6926 
0 °45331 5 °6389 7°1175 9 0805 
0 °45390 5 °4005 7°5161 9 °2551 
0 °45337 5 °1451 7 °9247 9 °4484, 
0°45192 4,°9144 8 9 °5114 
0 °45307 4, °9269 8 °1642 9 °5356 

0 °45364 4,°4755 8 °7566 9 -8340 


s@ The tables of Sir Edward Sabine (Phil. Trans., 1868) furnish very 
7 few details from which to deduce the secular variation of the intensity 
"Fat the above stations. 
a The total force at the Cape Observatory in 1845 was 7°58, and this 
Yecombined with 7°7152, the value for 1874, will give + 0°0047 as the 
(annual change. In the Cape Magnetic Observations, vol.’i, we find 
i + 0:0066 as the corresponding value for 1848. 
= Taking the mean of the observations at Bombay in 1845 and 1847, 
@ and also the mean for 1856 and 1867, we find 8:285 and 8°505 as the 
>) values of the intensity for the epochs 1846 and 1861-5. Comparing 
this last value with 8°5633 of 1875, gives a yearly change of 
| + 0°0043, whilst the apparent change in 1854 was + 0°0142. Turning 
now to the Colaba results from 1867 to 1873 we see that, for January 
1st, 1871, the absolute value of the total force was 8°5391, with an 
@ annual change of + 0°0064. This would make the magnetic intensity 
| Mi 85663 for April, 1875, which agrees well with the observed value. 
we The mean annual acceleration from 1861 to 1875 is considerably less 
@ than the value deduced from the observations of the last few years. 
7 The intensity, 9°27, observed by Caligny at Malta in 1839, com- 
© bined with that of 1875, makes the annual variation — 0°0052. 
| At Rome, 9°6575 in 1849 gives also an annual variation of — 0°0052 ; 
| but at Naples, 9°55 in 1845, makes the yearly change only — 0°0033. 


The Magnetic Declination. 
The observations, on which the determination of this element depend, | 
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are necessarily affected by many possible sources of error, when the 
work has to be done in the course of a long and difficult journey. The 
carriage of the instruments by land and sea; the frequent packing and 
unpacking; the great variations of temperature; the shortness of 


time at each station, scarcely allowing sufficient attention to be paid § 
to choice of locality or examination of instruments; all tell more 


against the magnetic declination than against the other elements of 
terrestrial magnetism. 

As we were detained a considerable time at the Cape of Good 
Hope, it was thought advisable to examine thoroughly all the instru- 


ments, and to take a very complete set of observations at the Cape | 
Observatory, in order to make this well-known station the point of § 


departure for all our work in Kerguelen and elsewhere. It was 
fortunate that this could be done leisurely, as we found on examina- 


tion that the declination magnet was useless, the bar not being ? 
magnetic, nor capable of retaining a sufficient amount of magnetism to 


secure accurate results. On July 30th the bar was magnetised by aid 
of large permanent magnets, and then subsequent declination observa- 


tions led to most unsatisfactory results. On August the 19th a coil was | 


made use of to magnetise the same bar, but two series of readings then 
taken with the needle, and with the Observatory magnet, shewed the 


utter untrustworthiness of our needle. As the Rev. W. Sidgreaves, | 
though most kindly assisted by the Government Astronomer, Mr. E. J. | 
Stone, was unable to magnetise satisfactorily our reversible declination | 


needle, we were forced to substitute in its place the vibration magnet. 
The latter not being arranged for rapid reversal, the zero of the scale 
was very carefully determined both at the Cape Observatory and after- 
wards at Kerguelen, and the scale value accurately tested. ‘ 
The method of observation usually adopted, was to fix the position 
of a well defined distant mark, by aid of sun or star transits, with the 
Simms’ theodolite, and then to note the bearing of the magnetic needle 
with respect to the same mark with the Jones’ unifilar. At Florence 
the confined space, and still more the badness of the weather, made it 
advisable to trust wholly to the unifilar, and therefore no fixed mark 
was used, but the position of the magnet was referred directly to that 
of the san, observed by aid of the mirror attached to the instrument. 
The same method was used at Moncalieri, and the corrections for the 
displacement of the mirror, deduced from the latter observations, 
served to correct the single reading at Florence. The necessary 
correction for any error in the mirror is explained in a former paper 
on the magnetic survey of the west of France (Phil. Trans. 1869, 
The chronometer made use of throughout the whole series of ob- 
servations was a good pocket instrament from Greenwich Observatory, 
Maurice 6144. It was compared on every possible occasion with the 
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standard clocks of fixed observatories, and at other times with the 
chronometers kept on board H.M.S. “‘ Volage.” No direct observations 
were taken with the transit theodolite to check the error and rate of 

the chronometer, but these depend entirely on the comparisons. It 
will not be necessary to give in full the details of each comparison, 


® but all the requisite information is contained in the following table. 


TasLe VL 
| ‘ Chronometer Fast on ar 
Station. 1875. ponte GMT Daily rate. 
h.m. hm. 8. 8. 
Bombay Observatory | April 8 4 52 33-Opm.| 6 58 7°23 
ee 4 46 40°6 6 58 14°23 + 3°50 
» 12 |1087 0 6 58 22°43! + 3°64 
Aden, H.M.S.Volage | ,, 27 3 0 0 6 59 16°90 | + 3°56 
9 0 0 6 59 17°88 | + 3°92 
Port Said.......... |May 15 | 5 1 0 7 033°20| + 4°31 
1 5 38 7 1:11:00) + 4°20 
Palermo Observatory | , 29 Noon. 0 50 17°74 
Naples..........-. | dune 3 4 0 0 0 50 29°53 | + 2°30 
8 40 90 0 50 56°91 + 5°48 
20 0 0 51 18°26 + 1°94: 
Moncalieri ........ oe 7.8.0 050 0°67 
1 0 49 59°27; — 1°24 


When the journey through Sicily was commenced, the chronometer 
was altered to approximate local times. The great change in the 
daily rate between Naples and Kome will not affect the results at 
Rome, as the declination was measured from the standard mark at 
the Roman College Observatory. Before reaching Moncalieri the 
chronometer appears to have met with an accident which entirely — 
altered its rate, but the double comparison at this station renders 
this change of less moment. a 
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At the Observatories of the Cape, of Colaba at Bombay, and of Rome, it 
was only necessary to enter the approximate local mean time under 
the heading, ‘‘ Chronometer,” as the declination at these stations was 
measured from the standard marks. The bearing of these magnetic 
marks is respectively 0° 31’ 51", 0° 26 26", and 21° 26' 54” E. of the 
Astronomical North Point. At the remaining stations the sun’s 
azimuth was computed for the) hour angle of the sun given by the 
chronometer, except at the college of Bombay, where it was found 
more convenient to observe the stars Aldebaran and Capella, instead 
of the sun. The observations marked with an asterisk were taken 
with the needle of the Cape Observatory. The computed altitudes of | 
the sun for the three observations at Mongealieri, were 63° 3’ 33'°60, 
63° 48' 57'-69, and 64° 29'17"-78. ‘This difference of altitude being so 
slight makes the correction for the perpendicularity of the mirror 
much less reliable than it might otherwise have been. § 

The declination observations at the Cape of Good Hope date back 
as far as 1600, and the mean yearly amount of the secular variation § 
for the first 240 years was found to be + 7°66 W. It then dimi- @ 
nished, and was + 049 from 1841 to 1846, 4+1':41 from 1843 to Hifon 
1848, and 2'16 from 1846 to 1850. The renewed acceleration in the 
annual variation seems to have lasted but for a short period, as a 
comparison of the mean value for 1874, with 29° 14" 62, the mean for | 
1848, gives only 1'-68 as the annual change. > | 

From observations of this magnetic element at Bombay in 1845, @ 
1256, 1867, and 1875, we notice a gradual easterly motion of the j 
needle, it being at the above dates 0° 13' W., 0° 19' E., 0° 42' E., and | 
0° 56’ E., shewing a decreasing yearly change of 2'-91, 2'-09, and 1'-75. | 
The amount of the mean annual variation given by the series of 
monthly observations at the Colaba Observatory from 1867 to 1873 is 
1':77, which may be considered identical with the above. _ 

At Aden the heat of the sun was so great that it was imprudent to 
remain long near the theodolite whilst taking the solar observation, 
the declination was therefore obtained under very disadvantageous 
circumstances, and consequently less weight can be attached to the 
result. This is apparent also from the abnormal increase in the secular 
acceleration. Thus the declination which was 5° 2’ W. in 1834, 
became 4° 15’ W. in 1857, the annual variation being, therefore, 
—2'-04; whilst in 1875 the angle observed was 2° 19' 39” W., which 
increases the yearly change to —6''41. 

The declination in 1875 at Malta, combined with the value 
15° 20' W., obtained in 1834, gives a yearly change of —4'°76; and 
the angle 13° 49° measured at Rome in 1852-5, along with the value 
found in 1875, makes the annual variation —5'95. For the remain- 
ing stations I am unacquainted with any published values of this 
element of the earth’s magnetic force, but the careful series of 
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» 16 Mi measures taken at Moncalieri, by P. Denza, will most probably appear 
ler shortly in the publications of that Observatory. 
In conclusion I will subjoin in a single table the mean results for all 


tic H the elements of terrestrial magnetism at the different stations. 

he 

n’s Taste VIII. 

he 

nd Annual Annual Annual 
amount | Hori- | | smount amount 

ad MEStation. | Dip. of zontal | of Declination. | of 

on | Sec. var.| force. " | See. var Sec. var 


0, pe Town.|—56 2 22) —4°69 | 4°3098 | 7°7152 | +0°0047 | 29 58 33 W.| +1°68 
0 blaba ..../+19 14 40] +1°56 | 8 0853 | 8°5633 | +0°0043 | 056 OK. | +1°7 
Dmbay....|/+20 6 .. 8 °0354 | 8 °5572 0 55 36 E. 
ST 5 28 9] +0°68 | 7°6253 | 7 219 39 W. 
ort Said ..|+42 31 54)... 6 °4056 | 8 °6926 5 9 49 ,, 
36 42| —3°49 | 5°6389 | 9°0805 | | 12 8 23,, —4°76 


-/+5418 8 .. 5 °4005 | 9°2551 11 15 33 ,, 
-|+57 O 23] —3°45 | 5°1451 | 9°4484 | —0-°0033 | 11 31 22 ,, 


mmlorence ..|+6013 —3°28 | 4°7775 | 9°6181 | 13 22 26 ,, 


+58 50 55| —2:°09 | 4°9207 | 9°5235 | —0°0052 | 12 16 33 ,, | —5°95— 


O @Moncalieri .|+62 55 42) 4°4755 | 9°8340 (13 45 28 ,, 
e 
a 
ry | 

jm Il. “On the Limits to the Order and Degree of the Fun- 
if damental Invariants of Binary Quantics.” By J. J. 
a SYLVvEsTER, M.A., LL.D., F.R.S., Professor in the Johns 
l | Hopkins University, Baltimore, U.S. Received December 

26, 1877. 


The developments which I have recently given to Professor Cayley’s 
second method of dealing with invariants (the first. method being that 
) which has been exclusively used by Professor Gordan), has led me 
through the theory of the Canonical Generating Fraction to the 
following results, showing that the degree and order of the funda- 
mental invariants and covariants to a quantic or system of quantics 
are subject to algebraical limits of a very simple kind, and I think it 
right that these results should not be withheld from the knowlege of 
those who are pursuing another and, as it seems to me, much more 
arduous and less promising direction of inquiry into the same subject. 
By order I mean the dimensions of a derived form in the coefii- 
cients of its primitive (Clebsch and Gordan’s grad), and by degree the 
dimensions in the variables (Clebsch and Gordan’s ordnung). 
First as to degree. | 
If there be a system of n, n' n” . . odd degreed quantics and », v’, . . 
&c., even ones, then (with the exception of the case when the system 
reduces to a single linear function or a single quadr.i'-) the degree of 


@alermo... 
maples ... 


number greater than ame. the order of the covariants has. for its 
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any irreducible covariant to the system has for a superior limit 


[. 

= ( n’ +3 Il 

Thus, ez. gr., where there is but one quantic, the limit is pains 

according as the degree is odd or » even. 
Secondly, as to order. . skul 
As the expressions become somewhat complicated when there are §% mer 
several quantics, I shall confine myself to a statement applicable to a | L 
single quantic, distinguishing between the three cases when n (its = Dr. 
degree) is evenly even, oddly even, and odd. of 
A. When n contains 4, the superior limits for the order of the inva- @ the 
riants and covariants respectively are for the former a 
CO 
(n—38) of | 


and for the latter 


B. When n is even, ia nob divisible by 4, and is greater than 2, 
3n?—6n—12 (n+2) (38n—8) 
4 si 4 


the limits for the two species are 


respectively. 
CO. When v is any odd a greater than 3, the order of the | 


invariants has for its limit ° 5 (n+1) (n—3), and when it is any odd 


3n* —4n—9 
2 | 
Further investigations will, I have good reason to believe, lead to 
considerably lower limits than those given for cases B and C. 
Although morally certain the three formule A, B, C cannot be con- c 
sidered at -present apodictically established, the formula respecting 
the limit to degree may, I believe, be regarded as admitting ofacom.- mm t 
plete demonstration. There exists, h owever, @ superior limit to the \ 
] 


limit 


orders of the fundamental invariants or covariants, which may be 
regarded as subject,to direct demonstration even in our present state 
of ; this when is even is n? — 2n — 8 for invariants, 
and n° — n — 4 for covariants; and when n is odd, the corresponding 
limits are 2n’—3n—5 for invariants, and 2n?—2n—5 for covariants. 
But I have no moral doubt whatever of the validity of the formule B 
and C as they stand, and next to none of the validity of formula A. 
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III. “On the Structure and Development of the Skull in the 
Common Snake (Tropidonotus natrix). By W.K. Parkgr, 
F.R.S. Received October 15, 1877. 


(Abstract. ) | 
For several years past I have taken every opportunity to work at the 


} skull of the common snake, but sufficient materials for completing a 


memoir upon it have not turned up until lately. 
Last year, however, at the request of my friend Mr. P. H. Carpenter, 


| Dr. Max Braun, of Wiirzburg, kindly sent me about fifty early embryos 


of reptiles; these were of four kinds, namel y> of the common snake, 


| the blind worm, the nimble lizard, and the gecko. 


These invaluable embryos, added to what I have for many years been 


collecting, will enable me to bring before the Society a yearly tribute 


of a paper on the skull of these instructive types. 

Lying at the very base of the gill-less Vertebrata, and possessing a 
skull at once the simplest, and yet the most curiously specialized, the 
snake is a type well worth careful study. 1 have found it so in my ~ 
own division of work. 4 | 

My guide in this piece of work has been Rathke, whose observations 


© on the early stages of the skull appeared first, in translation, in this 


country, in Professor Huxley’s ‘‘ Croonian Lecture.” 

For many years past I have known that- the key to the meaning of 
the skull in the whole series of the “ Sauropsida’ ’—reptiles and birds 
in one huge group—was to be found in that of the serpent. I have 


=. freely used it as such, and my nomenclature of the parts of the grow- 


ing bird’s skull is based on that of the snake’s, although, until now, I 
have not been able to publish more than a mere abstract upon its 
characters. 

For convenience’ sake, I have divided my subject into seven stages, 
the first of these being illustrated by embryos with a very delicate 
vesicular head, bent down upon the neck, and whose entire length, 
supposing them to be uncoiled, was barely three-quarters of an inch in 
length. The last stage is the adult, whose skull, once interpreted, 
will greatly help in the interpretation of all the skulls that rise above 
and around it. 

As to the finished skull, it is easy to judge elnilend that the 
cranial part must be a very solid and relatively small box, and that the 
facial part must be free and elastic to the utmost degree. 

All the morphological specializations that take place in the head of 
the embryo steadily lead to this result; but the superstructure is mar- 
vellously unlike the foundations that were at first laid. 

As to the general embryological study of the snake’s embryo, it 
may be remarked that it is almost exactly like that of the bird’s. 
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Comparing my own observations on this low type with the results 
given of the study of the chick in Foster and Balfour’s excellent work, 
I find that few paragraphs in it would need any material alteration, 
and that the figures would mostly serve very accurately if in that work 
the word chick were to be exchanged for that of snake embryo. | 

The development of the vesicles of the brain, the organs of special 
sense, the rudiments of the cranium and face—those things that come 
across my path, to say nothing of the rest of the growing germ, all are} 
developed similarly in the snake, below, and in the bird, above. 

Like all the Vertebrata above the fishes and amphibia ‘(“‘ Ichthy- 
opsida ”), the embryo of the snake has the folds and clefts behind the 
mouth few and small; yet there is no change of pattern, and the} 
rudiments of three pairs of gill-arches with their clefts can be made 
out. | 

But no embryo I have studied shows more clearly that all the folds @ 
that lie about the mouth, before and behind, as well as those that form j 
the mouth itself, belong to one category. : 

Whilst the brain is merely a row of three vesicles, and the rudiments #@ st 
of the sense-capsules are three folds, or unclosed vesicles, the sides of Hm &€ 
the head grow downwards as a series of folds parted by deep notches 
or clefts. fe 

These clefts are the ‘‘ naso-lacrymal” in front of the rudimentary m fr 
mouth; the mouth-clefts (right and left) ; the tympano-eustachian 


and the three ‘‘ hyo-branchial ” clefts behind that. 7 O 
The first folds lie under the fore-brain; these are the “ fronto-nasal 
processes” or flaps; the second are the “ maxillo-palatine ;”’ the third, I 


the mandibular; the fourth, the hyoid; and the fifth, sixth, and —@ © 
seventh are rudimentary branchials, that never give off branchial fila- 
ments or plice. 

The cavity of the mouth is formed by the absorption of the meso- : 
blast that lay in the angle of the head—bent double upon itself—just ' 
below the end of the notochord. 

The walls of the mouth are formed by the maxillo-palatine rudi- 
ments in front, and the mandibular rudiments behind ; below, the floor 
of the face is suppressed ; at the sides, the right and left cleft form the 
right and left angle of the mouth. 

The visceral folds develop but little cartilage ; an outgrowth from 
. the anterior ends of the trabecule grows downwards and backwards 
into the fronto-nasal process. It represents two visceral rudiments, 
the axis of the pre-maxillary arch; but this flap is single. 

The maxillopalatine folds develop no cartilage, but become rich in 
narosteal bones. 


Kach mandible develops a large quadrate and a long articulo- 
meckelian cartilage. 


_ All the cartilage seen on each side behind the lower jaw is a small 
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“epi-hyal” (“ hyo-mandibular "hy which becomes the stem of the 
‘columella auris;’’ but the “ branchial” folds develop no cartilage 1 in 
them, and soon are lost in the sides of the neck. 

There is but little cartilage developed in the cranium. The ear- 
capsules are large, long, and ‘Penoitis solid cartilage before they ossify, 
and the simple nasal roofs chondrify and never ossify. 

There is a large cartilaginous occipital ring or arch, but the 
sphenoidal regions, which have exceptionally autogenous ale, are very 
feeble and small. 

The trabecule, which are manifestly mere outgrowths of the para- 
'choidal tracts, develop into long terete rods of cartilage, but do not 
jossify at all in front of the pituitary space. 

They coalesce in the internasal region, and coalescing also with the 
descending lamine of each nasal roof-cartilage, they form a low meprem 
ls @ nasi. 

m § There are two pairs of “ extra-visceral,”’ or labial, cartilages. 

: The “epi-hyal” rudiment coalesces during chondrification with the 
‘3 @@ stapedial plate; it gives off a small scale from its postero-superior 
f @ edge. This is a minute rudiment of the “ stylo-hyal ”’ element. 

s Both in the cranium and face there is a copious growth of very per- 
fect bone developed in the sub-cutaneous stroma. In the cranium the 

y jm frontals quite, and the parietals almost, meet below. Thus the trabe- 

* @® cule are excluded from taking part in the formation of the front part 

m@ of the cranial cavity. 

These rods lie in the grooved sides of the “ narasphenoid,” which 
has no basi-temporal part, as in the bird, but becomes ankylosed to the 
double, ectosteal basi-sphenoid. 

These are some of the most striking points 1 in the growing snake’ ~ 
skull; for the rest I must refer to the main paper. I may, however, 
make a few remarks upon the “ new things” to be seen in this low 
sauropsidan skull. 

The occipital condyles are confluent at the mid-line, so as to form a 
rounded single surface, with a dimpled middle part. 

The auditory capsule acquires three bony centres that do not unite 
with each other, but with the nearest bones of the cranium. 

Thus the prootic coalesces with the alisphenoid, the epiotic with the 
Superoccipital, and the opisthotic with the exoccipital. 

The columella and stapes are one bone, not distinct as in the 
batrachia. The union takes place ‘very early. 

' The mandible opens very far back, behind the occiput, and as the 

quadrate passes over the stylo-hyal, the two become ankylosed together. 

For the palate a new bone appears, namely the “‘ trans-palatine ; ” 
but the meso-pterygoid is not distinct from the pterygoid in the 
ophidia. It occurs in Anguis fragilis. 

The little “ pre-orbitals” that in the Amphibia form a floor to the 
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five—the dentary, sphenial, cor ‘onoid, angular, and surangular. The} 


narial passage, and are termed by me the “ septo-maxillaries,” attain 


their highest development in serpents and lizards. I do not find them 
in the tortoises and crocodiles, but they re-appear—very small—in 
carinate birds, in connection, as in the snakes, with the vomers and 
labial cartilages. 

In the mandible the upper part of Meckel’s cartilage ossifies as the 
“ articulare,” and now we get the full number of the splints, namely 


pier is a single bone, the quadrate. These six pairs of bones forming the 
free mandible occur also in the lizards, crocodiles, and-in most birds ims 
In tortoises they are fewer, and in gallinaceous birds I have failed toa 
find the coronoid piece at any stage. 

The tongue of the snake shows no cartilage in its structure ; neither 
cerato-hyal, basi-hyal, or have in any of 
dissections. 


IV. “Observations on the Nervous System of Aurelia aurita.”) 
By Epwarp. ALBERT ScHAFER, Assistant Professor of 
siology in University College, London. Communicated by} 

W. S#arpey, M.D., LL.D., F.R.S. Received October 31,! 
1877. 


(Abstract.) 
The author describes the nervous system of Aurelia as consisting, ingggra 


addition to the lithocysts and certain tracts of specially modified epi# 
thelium in their neighbourhood, of an interlacement of nerve-fibres 


covering the whole cf the under surface of the umbrella and lying 


‘between the ectodermal epithelium and the muscular sheet. Each 
nerve-fibre presents near the middle of its course a nucleated enlarges 
ment in the shape of a bipolar nerve-cell, which is thus interpolated i in} 
the course of the fibre. With regard to these nerve-fibres it is ref 
marked—firstly, that they are of limited length, seldom exceeding fourm 
millimetres; secondly, that they never come into actual continuity * 
with other fibres, although they frequently run closely parallel for sm 
certain distance, and often form extremely intricate interlacements bya 
the coming together of a number of fibres. The fibres occasionallyamr’ 
branch. They are described as ending generally by finely-taperelamm 
extremities, which are in close contact with the substance of the mus} 
cular fibres, but sometimes the termination of the nerve is dilated intom 
a flattened nucleated expansion, probably a primitive form of motoriall 
end plate. a 
The structure and relations of the lithocysts are then treated of 
The lithocyst is described as consisting of an ectodermic covering andggen 
an endodermic core, the two being nearly every whate separated by 8 
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hin layer of the jelly-like mesoderm. The ectodermic covering con- 

ists, except over the free end where the cells are simple and flattened, 

f long columnar, ciliated cells, the fixed ends branching into delicate 

ibres, which form a stratum underneath the epithelium. A similar 

ondition of the ectoderm is described as met with in two depressions ~ 
yf the surface, one being situate above, and the other below, the litho- 

Meyst; and the resemblance which the elongated epithelium cells with 

@ehe subjacent granular-looking, but in reality fibrous stratum, exhibits 

» the developing central nervous structures in the vertebrate embryo 

3 pointed out. These parts, in fact, probably represent the first 

a central nervous system. Some of 

Mahe cells of the ectodermic covering of the lithocyst are pigmented, 

Mand these cells are provided each with an excessively long and fine 

Ma sensorial) filament instead of with vibratile cilia. 

The endodermic core of the lithocyst consists of a prolongation from 
he nutritive canal of the margin, which at the terminal part of the 
Mithocyst i is continued as a solid pro jection, the cells of which contain 

"@palcareous crystals or otoliths. 

A small lithocyst is further described, in whieh the otolithic pro- 

ongation. of the nutritive canal penetrated the ectodermic covering, 

nd projected freely into the surrounding medium. 

m@ Reference is made to the observations of Haeckel upon the nervous 

Bystem of Geryonia and Cunina, and toarecently published preliminary 
motice by Oscar and Richard Hertwig, of the structure of the nerve- 
racts and sense-organs in various other genera of Meduse. 
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a January 17, 1878. 

in Sir JOSEPH HOOKER, K.C.S.L,, President, in the Chair. 

¥ The Presents received were laid on the table, and thanks cilia 
them. 

ty 

ti The following Papers were read :— 

bri 

On Cobra Poison.” By ALEXANDER PEDLER, F.C.S., Pro- 
elm fessor of Chemistry in the Presidency College, Calcutta. 
18+) Communicated by Dr. FRANKLAND, F.R.S., Professor of 


toe Chemistry in the Royal School of Mines. Received No- 
ial} vember 1, 1877. 


ofj™ On my arrival in India my attention was strongly directed to the 

ndggenormous number of deaths, annually resulting from the bites of 

yammpoisonous snakes. Statistics of the deaths from such causes are 
VOL. XXVII. 
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collected by the various Provincial Governments of India, but as 
might be expected the difficulty of obtaining correct returns is very 
great, and it is certain that the number registered is far short of the 
real mortality resulting from this cause. Hven with such incorrect 
returns, however, as many as 11,416 deaths in India from the bites of 
poisonous snakes were reported during a single year,* and it is pro- 
bably within the mark to say that in the whole of India the annual 
number of deaths from snake bite is not less than 15,000. 
Experiments without number have been made with a view to dis- 
cover an antidote for snake virus ;. but although many so-called reme. 


dies have been reported, it has been found on closer examination, that § 


none of them have been of the slightest efficacy either in modifying 
the action of the poison, or in any way tending to save life. The 
nearest approach to success among these unsuccessful remedies appears 
to have been the system of artificial respiration, suggested by Sur J. 
Fayrer, and extensively experimented with by the Snake Poison Com- 
mission at Calcutta, whose report was published in 1874,+ and who 
found that, although life might be prolonged by the use of artificial 
respiration after poisoning by snake virus,'in no case was there any 
ultimate hope of saving life by this means. 

So far as I am acquainted with their results, the researches of other 


chemists have been hitherto unsuccessful either in elucidating the 


nature of the poison, or in ascribing any composition to the active 
principle which must be present. This want of success is the only 
justification of my bringing the result of my own researches before the 
Royal Society at all; while the great practical importance of a satis- 


factory solution of the problem will, I hope, be accepted as my apology 


for laying my work before them in its present incomplete form. 

Of all the snakes in India the cobra (Naja tripudians) is the cause 
of the largest number of deaths, and the experiments here described 
were all made with cobra poison, extracted from the snakes in my 
own presence, by the usual method as described in published memoirs 
on the subject of snake poisoning. As may be imagined, the supply of 
cobra poison which is obtainable is very small, each snake yielding 
orily from one to three grains of solid poison; so that, in all my expe- 
riments, I have been continually hampered with the extreme difficulty 
of procuring a sufficient amount of the poison to work with on a 


satisfactory scale. In submitting my results to the Society, I must at 


the outset state that it is possible that after further experiments I may 
have to modify some of the results here given. 

The liquid poison, which, when extracted from the cobra, has a 
slightly alkaline reaction, was found to have a specific gravity of 1-095 


* 1869. See Fayrer, Proc. Roy. Soc., xxi, p. 360. 


+ Report on Indian and Australian Snake Poisoning. Bengal Secretariat Press, 
Calcutta. 


, 
| 
| 
| 
| 


1878. | Prof. Pedler on Cobra Poison. 19 


at 23° C., the.experiment being made on the average poison collected 
from 16 snakes on November 26th, 1874. Whether evaporated in 
dry air, or in vacuo, or at 100° C., the fresh poison gave nearly the 
same amount of solid residue, the mean quantity being 28°28 per cent., 
the poison extracted from one batch of snakes in the rainy season 
(July) giving 27°74 per cent., and the poison from 16 snakes on 
November 24th, after the cessation of the rains, giving 28°82 per cent. 

As these samples were taken the first during the hot and moist 
rainy season, when these snakes are most active, and yield the largest 
quantity of poison, and the second during the cold season, when they 
are very sluggish, and yield: only small quantities of virus, it may be 
hypothesised that throughout the year there is very little change in 
the actual amount of solid present in the liquid poison shed by the 
cobra. 

I have tested the fresh liquid poison with polarized light, but found 


_ that it was optically inactive. 


With reference to the action of time on cobra virus, my own conclu- 
sions do not altogether agree with results previously obtained; thus, in 


| the report of the Snake Commission above referred to, it is stated that 


the poison undergoes no change by being kept ; but, from my expe- 
perience, I have found, that although the poison will not alter if kept 
for two or three months only, yet if it be kept for a year or eighteen 
months, it alters in its properties very materially, becoming insoluble, 
and indeed losing to a considerable extent its poisonous action. In 
fact, I gradually collected a considerable quantity of the poison, with 
a view to experiment on a larger scale; but, on commencing work, I 
found the poison almost inert, and perfectly valueless for any scientific 
investigation on the subject, and in this way lost much time, and a 


very considerable amount of material extremely difficult to procure or 


replace. 
The poison dried in vacuo over sulphuric acid was analysed, and the 
mean result was found to be :— 


Oxygen and sulphur by difference 19-60 is 


100:00 


If we regard the ash as being foreign to the organic poison, the 
proportion of the other elements will then become*— 


* A part of these results was submitted by me to the Snake Poison Commission, 
and published by them at page 42 of their report. 
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Oxygen and sulphur....... 

| 100-00 


The composition of crude cobra poison then approaches rather 
closely to the known composition of the various kinds of albumin, but 
the amount of nitrogen in the virus is rather in excess of that con- 
tained in egg albumin. 

On testing the cobra poison sialitaivedy, I found that it contained 
a considerable proportion of a substance which gave all the tests of 
ordinary animal albumin,* and the amount of this substance was 
estimated by precipitation with strong alcohol, 0°5403 gram of fresh 
cobra virus treated in this way gave ‘0935 gram dry albumin, and 
0584 gram of a substance, which was gummy and amorphous in 
appearance. The albumin on testing was found to be slightly poison- 
ous, and from its physiological action I concluded that it could not 
contain more than from one-fiftieth to one-hundredth part its weight of 
the poisonous principle. The portion soluble in alcohol was excessively 
poisonous. It appears, then, that in the poison obtained from the 
cobra there is about 17:3 per cent. of albuminous matter, and 10°9 per 
cent. of poisonous matter only, or that about 60 per cent. of the solid 
cobra poison is of an albuminous nature, and only 40 per cent. at the 
most is pare poison. I have endeavoured, by the use of solvents, both 
chemical and mechanical, to separate out some crystallizable principle 
from the poison; but although I have used a great variety of liquids, 
I have not yet succeeded in obtaining anything but indications of - 
crystallizable matter, and I have now given up all hope of separating 
any distinct principle from the poison by this method. Dialysis through 
- parchment paper was tried, in the hope of separating some principle, 
and about half a gram of the solid poison, dissolved in water, was 
allowed to dialyse for five days; at the end of that time the liquid from 
the interior of the dialyser, when evaporated, gave an amorphous 
gummy mass, which had all the physiological properties of cobra 
poison; the liquid, outside the dialyser, when evaporated, gave a 
residue the greatest part of which was like gum, but a few apparent 
crystals could be detected. This was tested physiologically, and was, . 
if anything, rather more poisonous than the ordinary virus, and I was, 

* Dr. Armstrong (Proc. Roy. Soc., xxi, 363) had already noticed that the liquid 
poison when kept contains albuminous matter, but the poison that he examined had 
already begun to undergo decomposition. The chemical composition of the poison, 
as determined by Dr. Armstrong, shows a much smaller proportion of carbon and 


nitrogen than that found by me in the fresh poison. As I have mentioned, the 


poison does not keep well either as a liquid or a solid, hence the disagreement 
of the 
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therefore, unable to obtain any satisfactory result by the aid of 
dialysis. 

I have satisfied myself by numerous experiments that the reported 
remedy for snake bite, ammonia, has no action chemically upon the 
poison, but that, if anything, the addition of this substance to the 
poison before hypodermic injection rather increases the rapidity of the 
action of the poison, and in no instance does it induce any modification 
of the poisonous action. | 

Whilst experimenting with the poison, it struck me that it was pos- 
sible that, as in the case of many organic poisons, the nitrogen might 
be in the triad condition, and that it might be possible to modify the 
poison by the action of ethylic iodide or other substances, as has been 
done in the case of some alkaloids. Ethylic iodide was digested with 
the poison, and the residue, which had increased in weight, when phy-- 
siologically tested, was found to be very much less active than usual, 
although still poisonous; the sample taking about five times as long 
to kill as fresh cobra poison. Another sample of poison was treated 
with hydrochloric acid, and evaporated spontaneously, and the residue 
was very much less active than ordinary poison, and I have found that 
even the addition of a small quantity of this acid to a solution of the 
‘poison before injection materially retards the poisonous action; for a 
quantity (3 milligrams) of poison, which under ordinary circumstances 
would kill a chicken in about half-an-hour or forty minutes, after the 
addition of 0-2 c.c. of hydrochloric acid took 1 hour 6 minutes to pro- 
duce the same effect. The poison treated with hydrochloric acid, 
when evaporated very slowly in vacuo, shows distinct traces of crystals ; 
but there still remains a large quantity of amorphous soluble matter, 
from which, when working on a small scale, as from the nature of the 
subject I was obliged to do, the crystals cannot be separated. 

As hydrochloric acid has some apparent chemical action on cobra - 
poison, I tried the effect of a number of chemical compounds on this 
substance, and by a natural seqnence of ideas, having found that 
hydrochloric acid had a tendency to act in the required direction, 
amongst them I employed platinum tetrachloride, and found that 
this yielded excellent results, and gave indications of what might be 
called a chemical antidote. 

The following is a typical experiment. A caunilly of fresh cobra 
poison was precipitated with alcohol, and the precipitate of alouminous 
matter well washed, then dissolved and tested, and found to have very 
slight poisonous action only, the alcoholic filtrate was then acidified 
with hydrochloric acid, and a solution of platinum tetrachloride added, 
when a small quantity of a yellow amorphous precipitate was formed ; 
the solution on evaporation in vacuo yielded a semi-crystalline residue, 
from which the excess of the platinum salt was removed by washing 
with dilute alcohol; 0°1 gram of the solid platinum compound, which 
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appeared to be very insoluble in water, was administered internally to 


a chicken, and had no poisonous action; and the solution containing 
the excess of platinum salt when injected into a chicken had no action 
whatever. 

Here, then, was a case in which, apparently, the poisonous action 
of the virus had been destroyed or neutralized, for the albuminous 
precipitate certainly did not contain more than from one-fiftieth to 
one-hundredth part of its weight of poisonous material. 

I have endeavoured to obtain a sufficient quantity of the poison to 
give me enough of the platinum compound for the determination of 


its composition, but up to the present time I have only succeeded 


in making one complete analysis; the numbers which I have obtained 
are as follows :— 

‘2583 gram of platinum compound: yielded °3065 gram CO,, 
0996 gram H,O and ‘0418 gram platinum. From this it follows that 
C = 33°42 per cent., H = 4°28 per cent., Pt. = 16°18 per cent. Also 
‘0946 gram platinum compound yielded ‘1462 gram ammonia plati- 
num chloride, therefore, N = 9°69 per cent. Unfortunately, I have 
been unable to determine the amount: of chlorine, but if the com- 
pound has the ordinary composition of Cl, for Pt., the amount of 
chlorine present would be 17°42 per cent., and we should thus get :-—— 


Celoulated for formula PtCl, 


By Experiment. HasN 


Platinum . ..1618 per cent. 16 *36 per cent. 
Carbon . 88°48 ,, 


*Oxygen by difference: ,, 


Judging from such insufficient data, it would be impossible to assign 
with certainty any formula to this compound. It will be seen that 
I have appended the percentage composition calculated for PtCl, 
(C,,H,;N,0,HC1),; but, of course, I do not imagine that.I have as- 
certained the true formula of the poisonous principle; I merely throw 
it out as a suggestion that its composition may be something near 
C,,H.;N,0;, or the double of this. 

From the experiment described above, it will be seen that the addi- 
tion of the solution of platinum tetrachloride caused a marked change 
in the physiological action of the poison; and it should be borne in 
mind, that my main object in these experiments was the discovery of 


* Only the faintest traces of sulphur are present in the compound. 
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an antidote (if possible) rather than the solution of the purely chemical 
question. 

The experiments which I have made to investigate the physiological 
portion of the subject, naturally divide themselves into three distinct 
series: the first, in testing the action of graduated doses of the pure 
fresh poison hypodermically injected into animals; the second, in the 
injection of cobra virus mixed with dilute aqueous solution of plati- 
num tetrachloride; and the third, in the action of the platinum salt 
on animals previously poisoned by fatal doses of the virus. 

In my preliminary experiments, I assured myself that fresh cobra 
poison mixed directly with a small quantity of solution of platinum 
tetrachloride almost entirely loses its poisonous properties. In order 
to investigate this thoroughly, I selected chickens as good subjects to 
work on, and first ascertained the action of pure fresh cobra poison in 
various quantities, hypodermically injected, on these animals. The 
summary of the results which I obtained are shown in Table A, whilst 
the details of the experiment are described in an Appendix* which 
contains the description of most of the more important physiological 
experiments made during this investigation. 


Taste A.—Action of Cobra Poison, hypodermically injected, on Chickens. 


No. Amount of Dried Poison used. | Duration of Experiment.| Resuit. 

2 5 9 eo ee 31. 
6 | 2 40 
8 | sb e sesececoeeceeeee| Lhe animal was almost | Recovered 

insensible for 12 hours. 
& 


From this table, it appears that a quantity of ~; milligram of pure 
dry cobra poison is sufficient to kill with certainty a healthy chicken, 
while 51, of a milligram, when injected, produced such an effect, that 
for twelve hours the life of the chicken was despaired of; in larger 
doses the action of the poison is proportionately more rapid, until with 
a few milligrams death results within a few minutes. 

A second series of experiments was then tried, by taking solutions 
of weighed quantities of the same sample of cobra poison as was used 
in the first series, mixing with known weights of platinum tetrachlo- 
ride, and injecting. The experiments are subdivided into two classes, 
according to slight variations in the method of working; in some 


* This Appendix is deposited in the Archives of the Royal Society. 
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cases the mixture of the poison and platinum salt was allowed to 
stand for a short time previous to the injection; and, in the remainder, 
the injection was performed a few seconds after the platinum solution 
had been added to the poison. The results are shown in Table B, 
which is divided into two sections: the first, showing experiments 
with the injection performed a short time after the mixture was made; 
and the second section showing injections made immediately after the 
two substances had been brought into contact with each other. 


TaBLe B.—Action of Cobra Poison mived with Platinum Tetrachloride 
on Chickens. 


I.—Injection performed a short time after Mixing. 


Weicht of ) No. of Chickens 
No. Dried Cobra Weight of | Duration or "| which the Poison 


PtCl,. | Symptoms. if used alone was 
Foison. capable of killing. 
1 | 38milligrams | ‘Ol gram |Nosymptoms Survives | 49 chickens 
| of cobra 
poisoning 
2 6 ‘39 "02 90 99 
3 6 39 "02 9? 9? 90 
4 8 025 9) bP] 120 
hours. min. 
15 0 Death | 150 
II.—Injection performed at the instant of Mixing. 
| hours. mins. 
7 | Qmilligrams | ‘025gram; 4 £0 Death | 135 chickens 
8 | 12 1 25 ” | 180 


The first section of this table shows that almost’ any quantity, how- 
ever large, of cobra poison mixed with the platinum salt, may be 
injected into chickens without producing any poisonous action; in the 
fourth experiment, for instance, enough poison to kill 120 chickens 
was injected into one chicken, and although the animal became drowsy 


and was evidently much upset by the injection of a large volume of | 


liquid, the symptoms which were developed were not those of cobra 
poison, and the animal in the course of a day or two-recovered its 
usual health and strength. In the case of No. 5, Table B, enough 


poison to kill 150 chickens was injected, and death resulted in fifteen 
hours; but the death apparently resulted from the effect of the shock 
to the system of the chicken, caused by the injection of such a large 
volume of liquid as was necessary. The same remark also applies to 
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Experiment 6, where enough poison to kill 225 chickens was injected, 
and death resulted from the setting in of diarrhoea, and from the 
subsequent exhaustion, in 50 hours 6 minutes after the performance of 
the hypodermic injection. In the experiments of injecting the mixture 
of the cobra poison and solution of platinum tetrachloride immediately 
after it was made, the results are not quite so satisfactory, but they 
still show that large quantities of poison (enough to kill 180 chickens 
being used in Experiment No. 1) may be injected, and that the fatal 
result does not take place until after the expiration of a period very 
much longer, as a rule, than would be the case without the use of the 
platinum salt. I have not thought it worth while to experiment with 
small quantities of poison in this manner, as the result of the first 
section conclusively shows that, if the platinum salt has time allowed 
to act upon the poison, the poisonous action of the virus is entirely 
destroyed. Before finally accepting this conclusion, I thought it 
advisable to try a similar set of experiments on other animals, such 
as dogs; and, as will be seen below, the experiments which have been 
performed have entirely borne out the conclusion above arrived at. 

In the report of the Snake Poison Commission already referred to, 
a number of experiments have been made on the action upon dogs of 
graduated doses of cobra virus, and in the —_—s table will be 
found a summary of the principal results :- — 


TasLe C.—Action of Cobra Poison on Dogs. 


Wt. of Poison | Weight of Time of 
injected. Dog. Experiment. Result. 
| 
hrs. mins. 

*IS.P.C. 3. | 2% grains 33 lbs. Death 
1.8.P.C. 4 2 9 25 1 43 
I.8.P.C. 5 14 39 1 21 
LS.P.C. 6. 1 grain 1 42 ” 
LS.P.C. 8. 9 35 99 1 32 
I.S8.P.C. 9. 4 24, 2 24 
I.8:P.C. 11. 4 4 20 
LS.P.C. 12. 41 ,, 8 0 

I.8S.P.C. 17. 4 14 99 28 3 


From this table it appears that from a quarter of a grain (°0162 
gram) toa sixth of a grain may be looked on as a fatal dose to an 
ordinary sized dog, while any quantities larger than this will produce 
& very rapidly fatal effect. — 

_ In order to test the action of the poison mixed with platinum salt, 


* These refer to the number of each experiment in the report above quoted. 
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as before, I used weighed quantities of the dried fresh poison dissolved 
in water, and added known quantities of a standard solution of 
platinum tetrachloride ; the results of these injections into dogs are 
shown in the table below, and inno instance did they show the slightest 
indication of any physiological action whatever. These animals were 
still alive when this paper was written. | 


TABLE D.—Injection of Mixture of Cobra Poison and PtOl, into Dogs. 


No. of| Weight of | Weight of Cobra Weight of | Duration 


Expt.| Dog. Poison used. — PtCl, used. | of Expt. Result. 
1 38 Ibs. | grain=°0324 gram | gram ..  |Notaffected 
2 25 1 grain = ‘0648 gram "13 gram * 


3 is 3 grains="1944 gram | ‘30 gram 


If we accept the conclusion that 3 4 grain of cobra poison hypoder 
mically injected will kill a dog ends ordinary circumstances, in the 
three experiments under notice the quantities of cobra poison used 
were sufficient to kill three, six, and eighteen dogs respectively ; and yet 
inno case did the dog show the slightest indication of cobra poisoning. 
I have not tried larger quantities than three grains of poison, as the 
volume of liquid which has then to be injected becomes inconveniently 
large ; even in Experiment No. 3 in Table D no less than four or five 
separate hypodermic injections had to be made, to the great incon- 
venience of the dog experimented upon. From these results I think 
it may safely be said, that the compound which cobra poison produces 
when brought into contact with an aqueous and dilute (5 per cent.) 
solution of platinum tetrachloride is quite inert and physiologically 
inactive, though of course it does not follow that this substance can 
be used as an antidote in cases of snake poisoning. If I may be 
allowed the expression, platinum tetrachloride appears to be a chemical 
antidote to cobra virus, but whether it will be found to be a physio- 
logical antidote can only be settled by extensive researches. 

Next, then, with a view to ascertain tentatively whether platinum 
tetrachloride can be used as an antidote, in the ordinary sense of the 
word, to snake poisoning, I have tried two sets of experiments de- 
scribed below.. The results which I have obtained from this third series 


of experiments, although interesting and to a certain extent hopeful | 


in their nature, have not, | am sorry to say, in any case shown that 
life can be saved by this means. As a preliminary step in the eluci- 
dation of this very important question, I have made some experiments 
on fowls and dogs by first hypodermically injecting known quantities 
of poison more than sufficient to kill, and after a definite interval 
injecting known quantities of the standard solution of platinum tetra- 
chloride, at or near the same spot where the first injection was per- 
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formed. By the experiments of other investigators.on the subject of 


snake poisoning, it has been found that the rapidity of the absorption of 
cobra poison is quite marvellous, and from the beginning I clearly saw 
that this would be the cause from which in all probability all experi- 
ments for the discovery of a true antidote would fail. So far as I 
could ascertain the non-success of the experiments about to be de- 
scribed appeared to be due to this cause; I first experimented upon 


| chickens ir the manner described above, and found that in two cases 


out of three life was prolonged to a very considerable extent, but I 
did not succeed in preventing death. 
The results are given in Table K. 
TABLE E.— Experiments on Chickens. 
Injection of Platinum Salt after Poisoning by Cobra Virus. 


“A 
‘ 
a 
3 


No. of | Amount of | Interval before | Duration 
Experi- Cobra Injection of — of | of Experi- Mowat. 
ment. Poison. PtCl,. 4° ment. 
| hrs. min. 
1 4 milligram 5 minutes ‘025 gram Death 
3 4 I ‘015 9 1l 47 ” 


In Experiment No. 1 the amount of poison injected (enough to kill 
seven fowls) would, under.ordinary circumstances, kill in about an hour 
or an hour and a quarter, but the animal here lived more than two hours. 
In Experiment No. 2 the poison would, under ordinary circumstances, 
kill in about an hour and a half, but in the experiment in question it 
killed in one hour and five minutes. This showed me a defect in my mode 
of working, in fact by injecting the platinum solution into the same 


orifice as the poison, and to about the same depth beneath the skin, I+ 


had merely driven the poison along before the second solution, and 
thus diffused it more rapidly through the system, naturally causing 
death to result in a shorter time than would have otherwise been the 
case. I should here mention that the same remark applies to some of 
the experiments I made on dogs described in the next table. In 
Experiment No. 3 in Table E, the amount of poison injected into the 
chicken was enough to kill three or four chickens, and would under 


ordinary circumstances have killed in from an hour and a half to one © 


hour and forty minutes. In this case to avoid the defect in Experi- 
ment No. 2, the platinum solution was injected rather deeper than the 
poison, and the result was that the animal lived for eleven hours forty- 
seven minutes, or more than seven times as long as would have been 
the case had no platinum salt been injected. This was of course 
encouraging, and seemed to promise that the platinum salt would in 
certain circumstances be useful. The experiments made on dogs are 
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summarized in Table F, and the method used was the same as before 
described. 


TABLE F.—Injection of Platinum Tetrachloride into Poisoned Dogs. 


No. |Wt. of . Interval Amount 
of | Dog of before use of| of PtCl, Result. 
EKexpt.| in lbs. PtCl,. injected. | 
| hr. min. 
1 31 | grain="0324gram | 1lto2min | ‘Od gram | 2 45 | Death 
2 15 | 4 grain="0162 gram 1 minute 1 48 9 
3 40 |} grain 1 minute ae. 
4 42 | 3 grain 3 minutes , 4 20 is 
internally 


The platinum salt does not in these instances appear to have been as 
efficacious as in the experiments on chickens, and as previously men- 
tioned I believe that the want of success was owing to the rapidity 
with which the poison is absorbed and diffused through the system, 
preventing any chance of the platinum salt coming in contact with the 
virus. This must prove a serious obstacle to the efficacy of any 
remedy. I confess that from my own experience of the rapidity of 
the absorption of this poison, I have considerable doubt as to the 
possibility of an antidote to snake poison ever being discovered, for in 
a few seconds after the actual bite of a snake the poison is absorbed 
by the blood, and carried by it to all parts of the system, and thus the 
task of overcoming or neutralizing the virus is rendered extremely 
difficult if not practically impossible. 

In making the experiments described in the last two tables, I have 
been seriously hampered with the want of knowledge as to the physio- 
logical action of platinum salts in general, and of the platinum tetra- 
chloride in particular; and although I have searched through every 
available authority, I have been unable to find any results bearing 
however slightly on this subject. To work out the problem before us, 
we must begin with selecting suitable living subjects for experiment. 
We must then ascertain what is the physiological action upon these 
animals of the platinum salt and of the cobra poison separately, both 
when administered internally and when injected hypodermically. 
Having settled these preliminary questions, we must proceed to test 
_ the applicability of the platinum salt as an antidote to the cobra virus 
by injecting hypodermically into similar subjects the smallest dose, 
which our preliminary experiments have shown to be fatal, and sub- 
sequently administering the platinum salt in various ways. 

As my own physiological knowledge and surgical skill are very 
slight, I have asked Dr. K. Lawrie to join in the investigation above 
sketched out, and we have already commenced our experiments, the 
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results of which we hope to submit to the Society in a subsequent — 


communication. 
I do not, of course, lay any claim to have discovered an antidote (in 


™ the true sense of the word) to cobra poison, but I think that the experi- 


ments above described prove the inertness of the platinum compound 
of cobra virus, and that this may be deemed a sufficient ground for 
making more extensive researches on this subject. Nor do I at present 
venture to make any practical suggestions in connexion with the above 
facts as to the treatment of cases of snake bite, for until we are 
acquainted with the physiological action of platinum compounds this 
would be premature. The responsibility of recommending any change 
in the recognized methods of treatment would be very great, and it 
would be worse than rashness to deal with a ‘subject of such vital 
importance without having a thorough knowledge of the effects likely 
to be produced by our actions. 

Before concluding my paper I must tender my thanks to Mr. R. H. 
Wilson, C.S., officiating magistrate of the 24 Pergunnas, for kindly 
assisting me in procuring live cobras for the extraction of the poison, 
and to my assistant, Balm Poolin Behary Saor, for much aid rendered 
during the progress of a work not always pleasant to the feelings, and 
always more or less dangerous in its nature. 


II. “On Repulsion resulting from Radiation. Part V.” By 
WILLIAM CROOKES, ‘R. S., .P.C.S. Received December 3; 
1877. 

(Abstract:) 


This paper commences with an experimental investigation of the 
amount of repulsion produced by radiation on disks of various kinds, 
and coated with different substances. The torsion apparatus for this 
purpose consists of a straw beam, suspended by a fine glass torsion 
fibre. At one end of the beam is a rod hanging downwards, and 
capable of taking six experimental disks in a vertical row. The other 
end of the beam is furnished with a pan and adjustible weights, to 
balance the varying weights of the disks submitted to radiation. A 
standard candle, at a fixed distance from the disks, supplies the radia- 


tion, and the amount of movement under its influence is measured by a 


ray of light reflected from a mirror on the beam to a graduated scale. 
An appropriate arrangement of screens enables any selected disk to be 


| €xperimented on without the others being affected, and a standard 


lampblacked disk being always present, the results are capable of 


intercomparison. The beam, torsion fibre, disks é&c., are sealed up in — 
glass, and the whole apparatus is attached to a mercury pump, capable | 


of carrying the exhaustion to any desired point. 
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The experimental powders are mostly chemical sieclgiieins laid on 
the surface of mica or pith disks as a water paint, no cement being 
used to promote adhesion. In other cases the substances are punched, 
cut, or filed into the shape of disks, 17:25 millims. in diameter. 

The exhaustion, which has to be effected after each change of the 
experimental disks, is carefully brought to the same degree both by 
actual measurement on a McLeod gauge, and by getting the same re. 
pulsion ‘on the standard black disk. In this way all the different 
results are fairly comparable one with the other. The presence of 
aqueous vapour must be specially guarded against by means of tubes 
containing phosphoric anhydride. 

The effect of residual gas in tending to equalise the amount of 
repulsion on variously coloured surfaces is shown in an experiment 
with pith disks, one being lampblacked and the other retaining its 
natural white surface, the standard candle being at the same distance 
in each case. When the exhaustion is good enough to cause a fair 
repulsion, the ratio between the amplitude of swing (measured by the 
index ray) when the black is exposed and that when the white is 
exposed is as 100 : 55°5; at a little higher exhaustion the ratio is—_ 


Black : White :: 100 : 42:5; 
at a still better exhaustion (at which the experiments are usually tried) 
the ratio is— 


The results of the quantitative examination of the repulsion resulting 
from radiation when falling on about 100 different substances are given 
in fourteen tables. Hach table is in three columns, the first consisting 
of the names of the substances experimented on; the second the 
amount of repulsion observed, reduced to the standard of 100 for 
lampblack; the third column gives the repulsion observed when 8 
water screen is interposed, reduced to the same standard. 

Table I gives the results of the examination of black powders. Com- 
pared with lampblack = 100, these have an average value of 92°2, 
which becomes 99°1 by the interposition of water. 

Table Il contains white powders. These have an average value 
of 33°5, which is reduced to 8°3 behind water. The powerful ab- 
sorption for the invisible heat rays which white powders exercise is 
somewhat remarkable. Assuming that the ultra-red rays from 8 
candle are almost entirely cut off by a water screen, the comparatively 
strong action (33°5) produced by the naked flame must be mainly due 
to the absorption of the invisible heat rays; and when these are cut off 
by water the action is diminished nearly fifty times. With black 

wders the water only diminishes the action about eleven times. - 

Table III gives the red powders. Amongst these precipitated 
selenium is noteworthy. To the naked flame its value is 35°8, but 
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when a water screen is interposed the action becomes 69°5, in com- 


parison with standard lampblack = 100. Omitting selénium, the mean - 
action on red powders without a water screen is 32° 2, and with a water 
screen, 24°9. 

Table IV gives the brown powders. Amongst these, peroxide of 
thallium is remarkable as being repelled under the influence of radia- 
tion to a greater extent than any other body hitherto examined, its 
value being 121°7, in comparison to lampblack = 100. Brown powders 
behave most like black, the averages of the columns without and with a 
water screen being 92°7 and 945. 

Table V gives the yellow powders. Among these anhydrous tingutio 
acid resembles scarlet selenium in its anomalous action, the figures 
being without water 50°8 and with water 72°2.. The averages of the 
other yellow powders are 35°7 and (behind water) 13:8. 

Table VI gives green powders. These show some discrepancies, 
which will be referred to farther on. _ 

Table VII gives the blue powders. The action on these is of 
interest, as showing a much stronger proportionate action behind a 
water screen than with no screen, the averages being 55°8 and 65:2. 

Table VIII gives the action on dyes and colouring matters of organic 
origin. Among these may be noticed saffranin, and a product of the 
decomposition of chlorophyll, which act differently to the others. 

Table [X gives the action on metals prepared in different ways and 
coated with lampblack, mica, &c. Curious results are shown with iron 
and with gold, the former metal chiefly absorbing the invisible heat 
rays, whilst the latter metal is principally acted on by the luminous 
rays. 

Tables K and Xa give the results of an examination of various 
silver salts in their sensitive and non-sensitive state to light. The 
chloride, bromide, and iodide of silver, in their different states, are 
exposed to the standard candle after being submitted to the action of 
magnesium light, sunlight, and daylight. The results show how 
readily a change in the state of the surface is detected by an increased 
amount of repulsion under the influence of radiation. 

Table XI gives the results of an examination of selenium disks. 
These are of two kinds, the vitreous and the crystalline. The latter is 
in the state most sensitive to light action. With the crystalline disk 


results have been obtained which seem to show that the impact of 


light on its surface produces a superficial disturbance there and in the 
adjacent gaseous molecules, which takes some time to subside. This 
is connected with the change in electric conducting power of crystal- 
line selenium—a change which, when the element is transferred from 
light to darkness, takes some time to subside. 

Table XII gives the results of the action of radiation on various 
substances which do not come under any of the foregoing headings, 


is 
é 
4 


32 Mr. W. Crookes on Repulsion [J an. 17, 


such as pith, mica, charcoal, glass.. The complicated nature of these 
actions is well shown in the results given by three pith disks, the first 
being plain white, the second lampblacked on the front, and the third 
lampblacked on the back. The first is repelled with a power of 17:7, 
the second (the standard) with a power of 100, whilst the third is not 
moved at all. The repulsion exerted on the white surface must be the 
same in each case, but the pressure of lampblack behind the pith 
causes a radiation of heat from the back surface, which produces 
molecular pressure just sufficient to neutralise the pressure in front. 

Experiments are shown in this table with mica, both plain and 
roasted, and covered on one side or the other with lampblack. The 
results cannot well be described in abstract. 

To show that physical condition has more effect in causing repulsion 
than chemical composition, results are given with various kinds of 
charcoal. It is shown that the repulsion suffered by cocoa-nut shell 
charcoal is much less than that by white pith, being only 11°6 against 
17:7. At the same time, a radiometer made of cocoa-nut shell char- 


coal, lampblacked on one side, is only moderately sensitive, instead of ' 


being superior to one made of pith lampblacked on one side. The 
low figure shown by the charcoal is caused by its density enabling it 
to conduct heat from one surface to the other. Molecular pressure is, 


therefore, generated on both the back and front surfaces, and the | 


figure given is simply the difference between the two opposing 
actions. Experiments show that this explanation is correct. 

Besides water, other screens are used to filter the radiation of the 
candle before it falls on the disks. Water is, however, preferred for 
several reasons. It is almost perfectly opaque to the invisible heat 


rays, and, therefore, its employment allows easy discrimination be- ‘| 


tween actions due to heat and to heat and light combined; secondly, 
it is colourless, and having no selective action on any visible ray of 
light, it can be used in conjunction with any coloured powder without 
complicating the results. Alum acts in a similar manner to water; 
coloured solutions act as water with a superadded acjion due to their 
colour. Very thick plates of glass have less action on the invisible 
heat rays than a thin layer of water. Sulphate of copper in so weak 

a solution as to appear only slightly green, has a very strong action 
“a artificial light is used, as it cuts off the lowest visible red rays 
as well as the ultra red. 

After having given the tabulated results of the examination and dis- 
- cussed the different actions, the author finds that the substances ex- 
perimented on may be divided into two classes. 

1. In which the repulsion behind water is greater in proportion to 
the standard than when no screen is present; and 2, in which the 
repulsion in proportion to the standard is less behind water than when 
no screen is present. Amongst class 1 may be mentioned copper 


q 
a" 
as 
2. 


= 


1878.] | resulting from Radiation. oo 


tungstate, saffranin, scarlet selenium, and copper oxalate; these are 
more affected by light than by invisible heat. Amongst class 2 
may be mentioned pale green chromic oxide, persulphocyanogen, 
hydrated zinc oxide, barium sulphate, and calcium carbonate; these 
substances are more acted on _by the ultra red — than by the 
luminous rays. 

From the results given in these tables, the author has been led to 
the construction of several radiometers which afford ocular proof of 
the general correctness of the indications given by the water screen. 
Thus, a radiometer made of pith disks coated on alternate sides with 
chromic oxide and precipitated selenium, moves in one direction to — 
the naked flame of a candle and in the other direction when a water 
screen is interposed. A similar radiometer coated with saffranin 
and hydrated zinc oxide does not move at all when exposed to the 
naked flame, but revolves when a water screen is interposed. A 
radiometer coated with thallic oxide and Magnus’s green platinum 
salt moves strongly when no screen is interposed, but is stopped by a 
water screen. Many other instruments having similar behaviour to 
the above are described, and their actions discussed and explained. 
The following experiment is given; a pith radiometer, coated with pre- 


cipitated selenium and chromic oxide, is exposed to the radiation from 


a colourless gas flame from a Bunsen burner, coloured intensely green 
by thallium. To the eye, by this light, the chromic oxide looks nearly 
white and the scarlet selenium black. The rotation due to the 
superior repulsion of the chromic oxide is, however, apparently as 


| strong as when the non-luminous flame is used. This is a proof that 


the train of reasoning the author has employed on former occasions is 
correct, viz., that certain substances have an absorptive action on rays 
of dark heat opposite to what they have on light, and that an optically 
white body may be thermically black, and vice versd. Here, for 
instance, chromic oxide is optically green and thermically black, 
whilst scarlet selenium is thermically white. 

The author next examines the amount of repulsion produced when 
polarised light is allowed to fall on a plate of tourmaline suspended in 
vacuo in a torsion balance. It was considered possible that the repul- 
sion might vary according to the plane of polarisation of the incident 
ray. Three separate sets of experiments are given in detail, and the 
results discussed; the final decision being that the special action 


‘originally thought possible does not exist in a degree appreciable with 


the present experimental means. 

The next portion of the paper is devoted to an examination of the 
action of radiation on radiometers, the vanes of which consist of 
metallic plates, either bright on both sides or blacked on one side, and 


_turned up at the corners in different degrees. When flat plates are 


taken, blacked on alternate sides, the rotation is normal or positive, 
VOL. XXVII. | D 
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i.e. the black side is repelled. If one.of the outer corners of each 
plate is turned up at an angle of 45°, so as to. keep the blacked surface 
-on the concave side, the positive rotation is either diminished, stopped, 
or converted into negative rotation, according to the amount of surface 
of the plate which has been turned up. 

When the plates are kept flat, but the supporting arms are bent 80 
as to present more of one side than of the other to the bulb, as shown 

in fig. 1, the fly rotates under the influence of radiation in the direction 


Fia. 1. 


of the arrows, even when there is no difference bétween one surface 
and the other. It is shown that the favourable presentation of the 
surface of the vanes tc the inside of the bulb has more influence on the 
movement than has the colour of the surface. Experiments are 
described with radiometers of the form shown in fig. 1, and made of 
thick and thin mica, pith, aluminium bright on both sides, and alumi- 
nium blacked on one side. The action of light and of dark heat is 
given, The negative rotation set up in the fly when it is cooling from 
a high temperature, and the anomalous behaviour of the “ favourably 
presented ” radiometers when immersed in hot air or hot water, are 
examined: Itis found that when a hot metal ring is applied to the 
equator of the bulb, the direction of rotation is always positive; and 
that when a hot ring of a smaller diameter is applied to the top or 
bottom of the bulb the direction of rotation is always negative. The 
direction of movement when the hot rings are removed and the fly is 
cooling is positive with the aluminium vanes, and negative with the 
thin mica and pith vanes. 

The positive rotation, when the bulb is heated equatorially, is inde- 
pendent of the material of which the fly is made. Jt is caused by the 
hot ring of glass generating molecular pressure, which radiates towards 
the centre, and strikes the sloping vanes, driving them round as if a 
wind were blowing on them. The other movements of these “ favour- 
ably presented” radiometers are explained in the paper, but it is 
difficult to reproduce the explanations in abstract without the wid of 
the diagrams which accompany the paper. 


Having investigated the simplest form of favourably presented 
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vanes, the author describes experiments with metal and other cones, 
cylinders, and cups. An abstract of some of these results was given in 
the Proceedings of the Royal Society for November 16, 1876, No. 175, 
page 313, but it was stated that the “molecular pressure” theory 


| seemed incapable of accounting for some of the movements there 


observed. Further experiments have now cleared up this difficulty, 
and all the various movements are now seen to agree with this theory. 
The movement which appeared most anomalous was the attraction 
observed when a candle was allowed to shine on the hollow side of 
a cone or cup-vaned radiometer, the light being screened off the re- 
treating side. When light falls on the hollow side of a cone-shaped 
vane, some is reflected and lost, but some is absorbed and is converted 
into heat of temperature. Aluminium being a good conductor of heat, 
and the thickness of metal being insignificant, it becomes equally 
warm throughout, and a layer of molecular pressure is formed on each 
surface of the metal. At a low exhaustion the thickness of this layer 
of pressure is not sufficient to reach from the metal cone to the side 
of the glass bulb. As the exhaustion increases, this layer extends 
further from the generating surface, until at a sufficiently high 
exhaustion the space between the side of the glass bulb and the ad- 
jacent portion of the metallic cone is bridged over, and pressure is 
exerted between the two surfaces. The more favourable presentation 
offered by the cone causes the pressure to be greatest between the 
glass bulb and the outside of the cone; the vanes are, therefore, 
pressed round by a force which is really acting from behind, although 
the movement looks as if the candle were attracting them. 

A radiometer, the fly of which is furnished with four bright alumi- 
nium cups, rotates in the light as well as a flat vaned instrument 
blacked on one side. Experiments are described with one of these 
instruments attached to the mercury pump, and the observations of 
pressure and revolutions per minute under the influence of a standard 
candle are tabulated and drawn as a curve, taking the rarefaction of 
the air in millionths of an atmosphere as abscisse and the number of 
revolutions a minute as ordinates. The curve, which is traced through 
the dots representing observations, shows a gradual increase in the 
sensitiveness of the instrument to light, up to abont 50 millionths of 
an atmosphere; then the action keeps with little variation to about 
30 millionths, thence it rapidly sinks, until at about 1 millionth it 
is less than th of the maximum, and at 0:2 millionth the radiometer 
refuses to turn even when five candles are put near it. 

The concluding portion of the paper is devoted to an examination — 
of the movements produced in highly rarefied gases, when thin mica 
vanes. suspended horizontally, and sloping like the vanes of a windmill, 
are exposed to the action of a ring of platinum, placed just below 


them, and rendered incandescent by a current of electricity. The 
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object has been to produce the molecular pressure by a very intense 
heat which would not have to pass through glass, and to allow it to act 
on vanes which are turned in the most favourable position for rotating 
under the influence of the molecular pressure. The direction is called 
positive when it is the same as would be produced by a wind blowing 
from the platinum wire, and negative when it takes the contrary direc, 
tion. In the apparatus most experimented with a rotating disk of 
mica is supported on a separate pivot, immediately over the mica 
vanes. The normal or positive movement of this disk is in the 
opposite direction to that of the vanes; thus, if the positive movement 
of the vanes is in the direction of the hands of a watch, the positive 
movement of the disk is in the opposite direction. | 


Fig. 2. 


DA a Jd 


With the apparatus full of air at the normal pressure the direction 
of rotation, both of the vanes and disk, is positive when the platinum 
wire is ignited. This is probably due to the ascending current of hot 


At a pressure of 80 millims. the disk does not rotate. The vanes 
rotate positively, but slowly. 

At 19 millims. no movement whatever takes place. The disk and 
vanes are as still when the wire is heated as when it is cold. 

At 14 miullims. the disk remains stationary. The vanes move 
slowly in the negative direction. 

At 1 millim. the disk rotates in the positive direction slowly, whilst 


the vanes rotate negatively rather fast; both disk and vanes now 
rotate in the same direction. 
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j At a pressure of 706 millionths of an saints: the direction 
t keeps the same as at 1 millim. in each case, but the speed is greater. 
; At 294 millionths, the speed of the disk and vanes is exactly alike, 
1M both rotating together in the same direction. Up to this pressure and 
$m at some distance beyond, the vanes have been gradually diminishing — 
whilst the disk has been increasing in speed. At a pressure of 141 
17 millionths the disk rotates rapidly, positively, but the vanes do not 
rotate at all. Ata little higher exhaustion than the last, viz., at 129 
millionths, a great change is observed. The vanes, which were still, 
now rotate in the positive direction at a speed of 100 revolutions 
a minute, whilst the disk rotates positively as before, but with a little 
diminished velocity. It is probable that some of the speed of the 
disk has been quenched by the rapid movement of the vanes in the 
| opposite direction, as the author has previously shown* that the 
viscosity of air at a rarefaction of 129 millionths of an atmosphere is 
only a little less than its viscosity at the normal density, and hence 
the vanes, at a speed of 100 revolutions a minute, must exert a con- 
siderable drag on the opposite rotation of the disk. 
As the rarefaction increases above this point, the speed of both the 
disk and vanes increases, till they exceed 600 revolutions a minute. 
At the highest rarefaction attained (0°4 millionth of an atmosphere), 
there is no apparent diminution in speed. 
These experiments have been repeated in a more elaborate series ; 
with an apparatus of great complexity. It is impossible without 
drawings to give an idea of the various arrangements by which data 
are secured, but it may be mentioned that at each pressure observa- 
tions can be taken on the velocity of rotation of the disk and vanes, 
the viscosity of the residual gas, the repulsion exerted by a standard 
candle on a black mica plate, and the appearance of an inductive 
spark through a tube furnished with platinum wires.. Different gases 
can be experimented with, and a series of observations are given with 
hydrogen gas as well as with air. 
The author concludes his paper by showing that the ordinary ideas 
of a “vacuum” are very erroneous. Formerly an air-pump which 
t would diminish the volume of air in the receiver 1,000 times was said 
to produce a vacuum. Later a “ perfect vacuum” was said to be pro- 
s duced by chemical absorption and by the Sprengel pump, the test 
being that electricity would not pass; this point being reached when 
d the air is rarefied 100,000 times. According to Mr. Johnstone Stoney, 
the number of molecules in a cubic centimetre of air at the ordinary 
p pressure is probably something like 1,000,000000,000000,000000 (one 
thousand trillions). Now when this number is divided by 0°4 million, 
t there are still left 250,000000, 000000 molecules in every cubic centi- 


_* “ Proceedings of the Royal Society,” November 16, 1876, No. 175, p. 305. 
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metre of gas at the highest exhaustion to which these experiments 
have been carried. Two hundred and fifty billions of molecules in a 


cubic centimetre appear a sufficiently large number to justify the sup. 


ve 

position that when set into vibration by a white-hot wire — may be f 

capable of exerting an enormous mechanical effect. te 
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JOSEPH HOOKER, K.C.S.L., in the Chair. 

* | The presents received were laid on the table, and thanks coded for : 

them. 

The following papers were read :— f 

t 


I. “ New Determination of the Mechanical Equivalent of Heat.” 
By J. P. Joune, LL.D., F.R.S. Received November 19, 
1877. 


(Abstract. ) 


An account is given by the author, of the experiments he has recently 
made, with a view to increase the accuracy of the results given in his 
former paper; published in the “ Philosophical Transactions” for 1850. 

. The result he has now arrived at, from the thermal effects of the fric- 
tion of water, is, that taking the unit of heat as that which can raise 
a pound of water, weighed in vacuo, from 60° to 61° of the mercurial 
thermometer ; its mechanical eyuivalent, reduced to the sea-level at the 
3 latitude of Greenwich, is 772°55 foot-pounds. 


II. “The Cortical Lamination of the Motor Area of the 
Brain.” By Bevan Lewis, F.R.M.S., Pathologist and Assist, 
Med. Officer to the West Riding Asylum, and HEnrY 
CLARKE, L.R.C.P. Lond., Med. Officer to the West Riding 

Prison. Communicated by D. Ferrier, M.A., M.D., F.R.S., 
Professor of Forensic Medicine, King’s College, London. 
Received November 7, 1877. 


[Puates 1-3.] 


Whilst pursuing certain investigations upon the comparative his- 
tology of the brain, the authors of this article have been enabled to 
demonstrate certain facts with regard to cortical lamination, and to 
show the disposition and significance of certain elementary constituents, 
the importance of which, they believe, justifies their publication. 
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Types of Sirectural 
Meynert enumerates five distinct plans, according to which the 
various layers of the cortex are disposed, of which the more extensive 
formation is his five-laminated type, which he regards as that charac- 


| teristic of the cortex of the vault and a portion of the gyrus fornicatus.* 


It is with regard to this type of structural lamination that the observa- 
tions now to be recorded deal; and it is hoped that they will tend not 
only to point out how errors have crept into the descriptions of some 
writers, but also to reconcile conflicting opinions upon this subject. 
We regard the ascending frontal convolution as affording the most 
suitable representation of the typical lamination of the motor area, and . 
our descriptions, therefore, apply more directly to this region than to 
the remaining gyri at the vertex. 

It is premised that at least one authority of note, Baillarger, differs 
from Meynert in his description of this type of lamination, enumerating 
the layers as six in number, whilst Meynert notices five only. 


— Typical Lamination of the Motor Area. 

The following description of the lamination of cellular elements in 
the ascending frontal convolution will suffice to convey the result of 
our ubservations. | | 

First Layer.—A pale narrow band, extremely delicate and friable, is 
seen in sections to form the extreme limit of the cortical layers. The 
histological tissues composing this formation are connective, nervous, 
and vascular. The connective does not-differ essentially from that 


universally present as the basis of the cortical substance. It consists of 


minute fibrils, interlacing, anastomosing, and forming, by an intricate 
plexiform arrangement, a dense felt-like bed, possessing great powers 
of elastic distension. In the areola betwixt these fibrils, a finely mole- 
cular base may be detected, which appears greatly altered by the 
employment of various reagents. In this matrix distinct connective 
cells are observed, including one or more nuclei within an investment 
of most delicate protoplasm, and from which, when seen under favour- 
able circumstances, numerous minute branches radiate into the sur- 
rounding neuroglian network. In sections obtained from preparations 
hardened by chromic acid two forms of cellular elements are observed : 
 (a.) Cells that in diameter vary from 6u to 9, the delicate proto- 
plasm of which is almost invariably shrunken up or destroyed by the 


re-agents employed, appearing, therefore, like free nuclei, except when 


examined by fresh methods of preparation. These elements assume . 

the direction taken by the vessels of the cortex, and frequently are 

seen in large numbers along the perivascular sheaths. | 
(b.) Larger cells, ranging in diameter up to 13m, with a similarly 


* “The Brain of Mammals.”” By Theodore Meynert (Stricker’s Human and Com- 
parative Histology, vol. ii, p. 381). 
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delicate protoplasmic investment. These cells include one, two, or 
three nuclei, and assume a spheroidal or flask-like configuration im 
situ; when, however, seen near the frayed-out margin of a teased 
preparation, they are found to give off numerous radiating processes, 
Aniline black (for which nervous elements have a great affinity) stains 
their nuclei, investing protoplasm and its extensions so uniformly and 
faintly, that it is with some difficulty they are recognised, complete 
differentiation from the faintly-tinted matrix being scarcely attainable, 
In form, reaction to staining agents, and still more as regards their 
modifications by disease, they are undoubtedly proved to be connective 
elements. We find occasionally that these elements proliferate freely, 
assume the most quaint forms, and produce a dense matting of fibres. 
Such a condition, truly a sclerosis, is figured in a paper recently con- 
tributed to the Royal Society by one of the authors.* No other 
cellular elements appear in the first layer of the cortex; the angular 
' and fusiform nerve-cells alluded to by some writers have had no 
existence in specimens we have examined by the fresh and hardened 
methods. They are probably elements of the connective group, pos- 
sibly identical with the larger nucleated bodies just described, the 
appearance of which is greatly altered by the methods of preparation 
employed. The elements found in the first layer, therefore, are neu- 
roglia corpuscles and perivascular cells. Both varieties are shown in 
the drawings accompanying this paper. (Vide Plate 1, First Layer.) 

Second Layer.—This consists of a series of closely aggregated pyra- 
midal and oval cells, of small size, whose apical processes are arranged 
radially to the surface of the cortex. Numerous other processes arise 
from the basal angles, and radiate outwards and downwards from the. 
cell, including an extensive area in their distribution. Their mea- 
surements vary from ll» to 23 in length, and from 6 to 9» in 
breadth. Their nucleus is comparatively of large size, often measuring 
4u to 6u in diameter, sometimes assuming the pyramidal form of the 
enclosing cell, when it may attain a length of 9». With the exception 
of their pigmy size and extremely crowded aggregation, no differences 
are apparent between them and the larger elements of the third layer. 
(Vide Plate 1, Second Layer.) 

Third Layer——The reddish-grey band coinciding with the second 
layer, as seen by naked-eyé examination, appears abruptly marked off 
from the pale layer subjacent to it. On microscopic examination, 
however, it is found that the line of demarcation can be only approxi- 
_ mately obtained, as the elements of both overlap each other very 
irregularly. The distinction between these two layers near their 

common boundary must depend upon a two-fold condition, viz., the 
gradual increase in size of the elements of the third layer and their 


* “The Relationships of the Nerve-cells of the Cortex to the Lymphatic System of 
the Brain.” By Bevan Lewis, Proc. Roy. Soc., Sept., 1877. 
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more distant grouping. It will be seen in traversing the full depth 
of this layer (Plate 1, Third Layer) that the cells almost uniformly 
increase in size from above downwards, yet small yramidal bodies, no 
larger than those at the commencement of the series, are found occa- 
sionally at all depths, side by side with the larger nerve-cells. The 
configuration of these cells is by no means uniform. They often assume 
the pyriform rather than the truly pyramidal form, having their 
larger basal extremity marked by numerous dentations, from whose 
projecting points delicate branches are thrown off on all sides. Their 
apical process is directed radially to the surface of the cortex, and can 
be traced up into its second layer. Each cell contains a nucleus 
and a distinct nucieolus. The basal or axis-cylinder process is rarely 
seen, as it is necessarily divided, in most cases, by the oblique direction 
which it takes to reach the radiating fibres of the medulla. These 
cells vary greatly in dimensions: those in the uppermost regions of 
this stratum measuring 12u by 8m, their nucleus being 7m by 5y; 
whilst those in parts bordering upon the subjacent layer average 22u 
in length, and the largest cells even attain a size of 41 by 23n. 
Fourth Layer.—We have now entered upon highly debatable ground, 
including the chief topic we have proposed for consideration. Much 
confusion appears to have prevailed with regard to the characters and 
relationships of this and the subjacent layers. Thus, Meynert* 
describes the fourth layer as constituted of irregular angular cells, 
forming a stratum immediately superincumbent on his fifth layer of 
spindle-cells. Baillarger, on the other hand, enumerates six cortical 
layers, of which Meynert’s angular and spindle-cells.form his fourth 
and sixth respectively. After considering fully the views of various 
writers on this subject, we find ourselves unable to agree with most of 
them regarding this type of lamination. The layer immediately 
beneath the third undoubtedly consists of angular cells which in size, 
form, and branchings are accurately described by Meynert. They | 
resemble, on a small scale, transverse sections of large pyramidal 
cells, numerous branches being given off from all sides of the cell, and 
rarely are they seen extended radially towards the surface of the 
cortex. Now we find this stratum of angular cells intersected by alayer 
of immense ganglionic cells, which run about midway through the 
stratum, and it is distinctly affirmed that these angular cells are found 
freely above and below this important formation (Plate 1, Fourth Layer). 


_ On turning our attention more especially to these ganglionic cells, 


we find that they differ very materially from any of the elements 
already described. The enormous dimensions to which they attain, 
averaging 71u in length by 35, in breadth, stamp them as the most 


- notable objects in the whole depth of the cortex, whilst in special cells 
, the not unusual length of 126y, shows that they occasionally rival even 


* Op. cit., p. 
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the large multipolar cells in the anterior column of the cord. It will 
naturally be asked how Meynert could have overlooked this important 
layer of cells. Our explanation is, that whilst failing to regard them 
as a layer distinct from the third, yet the existence of these individual 
elements was recognised by him, as he states that the cells of the third 
layer progressively augment till they attain the length of 40u.* As 
the largest cells of the third layer, however, but rarely attain such 
dimensions, we presume that he had in view the elements to which we 
now allude, probably regarding the depth at which they were placed as 
an exceptional condition. Baillarger, on the other hand, whilst recog- 
nising the layer, has also, we think, fallen into the error of misplacing 
it in the order of cortical lamination. The error consists essentially in 
placing these cells on too low a level, in fact, between the angular and 
spindle cells, whilst the many hundred specimens examined by us 
enable us to localise this series midway down the band of angular ele- 
ments, a position maintained with singular uniformity. Dr. Majort 
follows Baillarger in regarding the cortex of the vault and that of the 
central lobe as consisting of six layers. Mierzejewskif and Betz || follow 
Meynert, and refer toa five-laminated type, but the large cells of the 
cortex more particularly have been made the subject of special study 
by both writers. The position of these great cells being such as we have 
described, one of two schemes must be accepted as representing the 
normal lamination of this region. Either the layer of angular cells 
above these great elements must be regarded as a series separate from 
those below the same, thus making the type common to this region of 
the cortex consist of seven lamine, of which the great cells referred to 
constitute the fifth; or, on the other hand, these latter cells with the 
belt of angular elements above and below may be regarded as a single 
layer, and termed the mixed or ganglionic series. We incline to the 
latter as the preferable arrangement, for, apart from the consideration 
that the former plan introduces an unnecessary multiplication of the 
series of layers, there remains the important fact that the series of 
large cells alluded to 1s not a constant layer. Indeed, there are exten- 
sive portions even of the ascending frontal gyrus when these elements 
are wholly absent. 

At these sites the angular elements present the appearance of a single 
undivided belt. We are thus compelled to regard this remarkable 
layer of cells as an intercalated series, and regard it as preferable still 
to adhere to Meynert’s five-laminated type, assuming the fourth layer 
(which we term the ganglionic layer) to be subject to the modification 
- above alluded to. Far more important considerations, however, than 
* Op. cit., p. 386. 

+ “ Histology of the Island of Reil.” West Riding Asylum Med. Reports, vol. vi. 


{ “Etudes sur les Lesions Cérébrales dans la Paralysée Générale.” Archives de 
Physiol., 1875. 


|| “ Gehirncentra.” Betz, Centralblatt f. d. Med. Wissensch., Aug., 1874, 
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those dwelt upon attach themselves to these cells, and these are of such 
a character as to warrant us considering them apart, after having com- 
pleted our description of the separate layers of the cortex by a brief 
examination of the deepest stratum. 

Fifth Layer.—This series consists of fusiform or pballauhapel cells, 
arranged in columns by the interposition of bands of medullary fibres. 
(Plate 1, Fifth Layer). They average in size 25 by 9u, the largest 
attaining the dimensions of 32u by 13u. Their nuclei are almost 
invariably oval, and measure from 11u to 13 in length by 6n to 9u 
in breadth. As remarked by Meynert,* these cells are not strictly 
bi-polar, as a large proportion throw off several branches, whilst a very 
frequent form gives off a lateral branch from the projecting side of the 
cell midway between either extremity (Plate 1, Fifth Layer). These 
cells are arranged in columns as above stated, their long axis lying in 
the plane of the intervening medullary fibres, but along the base of a 
sulcus their long axis lies horizontally to the surface | of the cortex, 
suggesting the belief that they belong to the connecting or arcuate 
system. An extensive series of observations was made with the object 
of calculating the varying number of cells in the third and fifth layers 
at different points along the ascending frontal convolution, and it was 
found that the average number of pyramidal cells in the quarter-inch 
fieldt was fifty-seven, the average number of spindle cells was forty. 
The extremes were respectively thirty-three to ninety-nine, and twenty- 
one to seventy-three. Although at some sites, therefore, the propor- 
- tion may increase to three times what it is at other sites, no relation- 
ship could be traced between these variations and the alternating 
thickuess and dense groupings of cells in the remaining layers. For 
convenience of reference we subjoin a table of measurements of the 
cells of the different layers of the cortex in oe ascending frontal 
convolution. : 


Length. Breadth. 
First Layer. 
Third Layer. | 
Fourth Layer 
. Largest cell observed . 1264 55m 
Fifth Layer 25u---32u 


* Op. cit., p. 389. 
Pa The quarter-inch field alluded to was equivalent to a circle half a millimetre in 
meter. 
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Ganglionic Cells of the Fourth Layer. 


Three years ago Professor Betz* published the results of a series of 
observations which had for their object the more accurate description 
quantitatively and qualitatively of the histological elements of the 
cortex. His results were of much interest and importance. Professor 
Betz terms these great cells “ giant pyramids,” and gives a short F ft 
account of their anatomical distribution in man and the higher apes. 
The important conclusion arrived at by Betz was that the “giant 


pyramids,” in their form and distribution, have the significance of aa 
motor cells. We have thought it highly desirable to make a critical wis 
examination of the relationship which these ganglionic cells bear to th: 
the extensive area defined as the motor area by Ferrier. We shall-con- on 
sider these cells under the four heads of Form, Size, Processes, and mi 
Distribution. th 

1st. Form. This is very variable, as may be seen by reference ni 
to Plate 2. The pyramidal form is frequent, whilst a plump body m 


elongated towards either pole approaching in contour somewhat t] 
the fusiform character is very typical of these cells. The truly 
fusiform, or bi-polar cell, is more rarely met with except in the region 
of the first frontal convolution. The cell itself is devoid of a cell- 
membrane, and its protoplasmic contents extend for some distance into 
the very numerous branches arising from it. To this may be attributed 
the great irregularity in marginal conformation, for the more numerous 
the branches arising from a cell the more irregular will its outline be. 
No other nervous elements in the cerebral cortex assume such fantastic 
outlines, or give rise to so many branching processes. Considering 
their dimensions and their numerous connections, we may be justified 
in regarding them as among the most highly integrated anatomical 
units in the cerebrum. Each cell contains a large round or oval 
nucleus enclosing a nucleolus. They are peculiarly prone to pigmenta- 
tion—patches of pigment being found in the protoplasm of most of 
these cells as a constant and normal constituent, just as it is found — 
universally present in the multipolar cells of the cord. Their imme- 
diate environments have been already considered in a paper alluded to 
above (‘‘ Relationships of the Nerve-cells to the Lymphatic System’). 

2nd. Size. The measurement of a large number of these cells from 
the same site in the ascending frontal convolution gave us an average 
length of 60u—an average diameter of 25, the extremes being 30 
and 96 for length, 12 and 45 for breadth. Taking, however, a very 
large selection of cells from various points of this convolution the 
average length was 71, the average width was 35u, the extremes 
varying from 36u to 126, for length, and from 24 to 55 for breadth. 


* “ Anatomischer Nachweis Zweier Gehirncentra.” Prof. Betz, Centralblatt f. d. 
Med. Wissensch., Aug., 1874. 
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The breadth of these cells was again tested by their measurement in 
several sections cut at right angles to their long diameter. In this case 
156 cells averaged 354. The nucleus averaged 13 long, by 9 
broad, the extreme length extreme breadth 

3rd. Processes. The average number of secondary processes* arising 
from ninety of these cells was seven, the largest number observed was 
fifteen. Sectionsacross the long axis of the cell, however, occasionally 
brought into view as many as eighteen, and exhibited the cell as 
occupying the centre of an extensive area over which its branches 
spread, radiating outwards and downwards from all points of its 
margin. From this mode of branching it will, of course, be apparent 
that the absolute number of processes given off by a single cell 
cannot be determined with any degree of certainty, and that state- 
ments with regard to the comparative number of such in man and 
the lower animals must be received with extreme caution, as the 
number exhibited will vary with the direction of the section and the 
methods employed for examination. It will be readily conceived how 
the fresh method of preparation described by one of the authors of 
this paper,t brings into view a far larger number of processes than 
are observed by other methods of preparation. 

4th. Distribution. The facilities afforded by the ether-freezing micro- 
tome,t have enabled the writers to examine in rapid succession and 
under most favourable conditions extensive portions of the same brain 
in a perfectly fresh state, and with but little trouble a series of convo- 
lutions may thus be sliced from end to end and the sections examined 
—sertatim. The results of such an examination have been to demon- 
strate the very important fact that these “giant cells” are distributed 
over certain definite areas which are remarkably constant, and it 
appears to the authors that these cell-groupings are especially and 
exclusively a characteristic feature of the motor area, as defined by 
Ferrier. That these giant cells may be found in isolated positions at parts 
not included in the motor area the writers do not question ; but they 
have not succeeded in finding any large groups or distinct areas of such 
elements in portions of the cortex at a distance from this region of the 
motor centres. The present investigation has been limited to a portion 
of the motor area, viz., the ascending frontal and two upper frontal 
convolutions; but it is hoped that this attempt to sketch the topogra- 
phical distribution of these cells may prove but the introduction to a 
more complete and accurate investigation of the histology of individual 
convolutions. Such an investigation must eventually be made if 
scientific precision is aimed at by the histologist in the field of cerebral 
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* By secondary processes we mean all branches, exclusive of the two main 
branches—the basal and apical. 

t+ Monthly Microscopical Journal, Sept., 197 6. 

{ Vide Journal of Anat. and Phys., April, 1877, and Mo. Micros. Journal. 
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pathology. The scheme (Plate 3) appended to this paper represents 
the distribution of these cells as determined from a thorough micro. 
scopic examination of the left ascending frontal, and two upper frontal 
convolutions of eight human brains, in all of which the arrangement 
of these cells was remarkably uniform. 


The broad upper extremity of the ascending frontal convolution, J 


_ limited above by the longitudinal fissure and below by the lower line 
of origin of the first frontal, was found to present two large groupings 
of these cells. The first group (fig. 1, A—D) includes some of the 
largest cells in this formation, and is distributed over the posterior or 
parietal aspect of the gyrus adjacent to the ascending parietal convo- 
lution. This group disappears towards the summit of this lobule, so 
that the anterior or frontal half of a section usually shows none of 
these cells present. 


Fig. 1.—Left ascending frontal and two upper frontal convolutions, seen from above. 


The letters refer to the parts from which sections figured in the scheme 
were taken. 


The second group (fig. 1, E—G) appears near the lower point of 
origin of the first frontal, and is found along the frontal aspect at this 
point—none being found posterior or along the parietal side. The 
first group referred to occupies the upper two-thirds of this portion of 
the ascending frontal, and limited almost exclusively to the aspect 


adjacent to the ascending parietal, corresponds to the areas 2 and 4 in * 


Ferrier’s drawings.* In the scheme several sections through this area 
(Plate 3, A—D) represent the exact number and distribution of these 
cells at different levels from above downwards. The lower group 
(Plate 3, E), which takes a position forwards near the first frontal, 
appears to correspond closely to another motor area (No. 5 of Ferrier). 
The cell-groupings here are entirely on the frontal half of the convo- 
lution, but at slightly lower levels, as at F and G they are observed 
to spread over the vertex of the gyrus and appear at its postersne 
aspect (Plate 3, F—G). 


The portion of this convolution lidesinaiiais between the two upper 
* “The Functions of the Brain.” By Dr. Ferrier. Figs. 63 and 65. 
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frontals presents almost invariably a marked sinuous flexure, the 


central portion of which often forms a tolerably plump lobule. A 


large area is represented by the parietal aspect of the upper two- 
thirds of this region in which the cells are large and numerous, 
extending beyond the vertex of the convolution (Plate 3, K), but, 
sloping backwards at a lower level until they finally disappear 
(Plate 3, M). Thus from the points M to N no groupings of these 
cells were discoverable. Again, the remaining third of this region, 
and the portion immediately connected with the second frontal con- 
volution, show a separate grouping of these great cells (Plate 3, 
N—O). The latter group commences posteriorly and spreads beyond 
the vertex of the convolution. The two separate areas last described 
(H—M and N—O) occupy approximately the circles 6 and 7 in Ferrier’s 
figures.* The posterior extremities of the superior and middle frontal 


Fig. 2. Left ascending frontal convolution, seen from the side, including that portion 
of the two upper frontals (R—S) admitted into the scheme for examination. 
The letters, as in fig. 1, correspond with those of the scheme (Plate 3). 
convolutions exhibit a very extensive area of these cells, which, how- 
ever, rapidly disappear as our sections extend forwards. It is to be 
observed that this extensive group of cells can be followed back into 
the ascending frontal convolution, communicating therefore with the 
series which at the origin of the frontals have been seen to occupy the 
anterior aspect (Plate 3, R and S). | 
To recapitulate, we have presented. to us a series of distinct group- 
ings of these great cells arranged chiefly along the parietal aspect of 


* Op. cit. Figs. 63 and 65. 
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the ascending frontal convolution, interrupted by two groups which 
oceupy the frontal «aspect-at the origin of the superior and middle 
frontals, and which at these points appear to run into an extensive 
area disposed over the posterior third of the two latter convolu. 
tions.. That portion of the ascending frontal marked P (on the chart 
of the convolutions) has a group of these cells situated along its 
parietal aspect. The portion intervening between the two lower 
frontals we have excluded from our scheme, relegating it to a later 
. period, when it will be described in common with the rest of the 
motor area. Meanwhile we would draw attention to the fact that § 
these cells diminish in size towards the lower extremity of the ascend. 
ing frontal, as they also do in the areas included in the frontal gyri, as 
shown by the following table :— 


Average Size of 
Ganglion Cells. Largest Cell. 


Left ascending frontal (wpper extremity) ...| 604 x 25u 90u x 
First at posterior end).......| 454 x 20u 694 x 
Left ascending frontal (lower extremity) ...| 354 x 


In the area at the.posterior end of the first frontal (fig. 1, R), the 
cells assume an elongated contour, a very large majority approaching 
the spindle form. It is necessary to add that the limits of these areas 
is not always sharply defined, as occasionally these cells graduate off 
into smaller and yet smaller elements of the same character, until they 
eventually disappear. In many instances this fading off at the margin 
is very noticeable. In other cases, when these ganglionic cells are 
absent their position is occupied by a series of cells of aniform size, 
but, whilst exhibiting the general characters of the greater elements, 
they do not exceed in size the smaller cells of the third layer. These 
elements, however, invariably occupy the same level as the large 
ganglionic cell, and we regard them as undeveloped representatives of 
_ this series. Within the areas specified these large cells are grouped 
closely together in twos or threes, and often assume the arrangement 
of a belt one cell deep. To recapitulate, then, we find these cells form 
an interrupted series differing thus from the continuous layers above 
them, and that groupings of cells are thus distributed over certain 
areas of the cortex closely corresponding to several of the motor 
centres of Ferrier. Again, we find each group is in itself constituted 
of numerous secondary groups of cells, “the nests” of Betz, which 
differ much in the number of cells forming each group. It must also 
be noted, that although the giant size of these cells in the upper half 
of the ascending frontal constitutes a most characteristic feature—the 
all-important fact to bear in mind is their interrupted distribution, as 
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this feature still predominates in other portions of the motor area 
where the size of the cells no longer warrants us in calling them giant 
_ cells, their position in the order of lamination, their general form and 
distribution in clusters sufficing to identify them as the same elements. | 

This disparity in size between these elements in the fourth layer of 
the motor area induces us to reject the term giant cell as applied 
generally to this formation, and to call them in preference the gan- 
glionic cells of the cortex. Their close resemblance to the ganglionic 
cells of the spinal cord has been fully recognised by Betz and other 
observers. 


EXPLANATION OF DRAWINGS. 


Plate 1. A section taken through the ascending frontal at its upper extremity, ex- 
hibiting the five layers of the cortex as seen magnified 87 diameters. 

Plate 2. The ganglionic cells of the fourth layer of the cortex from an area opposite 
the first frontal on the ascending frontal convolution. In the lower group 
the various forms assumed by these giant cells are well shown, whilst the 
upper group represents the appearance presented by sections carried across 
their long axis. The latter method illustrates the wide area commanded 
by their outspreading branches. 

_ Plate 3. A scheme illustrative of the exact number sid arrangement of the ganglionic 

cells at different points of the ascending frontal and two upper frontal gyri. 

Each curved line is supposed to represent the boundary line of a section. 
carried vertically’ through the ascending frontal from before backwards. 
The right hand portion of the curve, therefore, represents the side adjacent 
to.the ascending parietal; the left hand segment of the curves represents 
the frontal aspect, from which the frontal gyri arise. Figs. 1 and 2 
serve to localise the site of these sections.. The exact number of these 
cells, and their relative positions, were first sketched,-as accurately as 

- possible, under a quarter-inch power, and the sketch reduced by photo- 

graphy. That portion of the scheme relating to the two frontals shows, 
at R, a section through the area of the first frontal carried across its length, 
and at S in like manner, a section through the ascending frontal opposite 
the second frontal, and, therefore, carried alung the length of that convolu- 
tion. 

N.B.—Plates 1 and 2 represent sections obtained from frozen brain, by 
means of the ether microtome. 


III. “Researches in Spectrum Analysis in connection with the » 
Spectrum of the Sun.” By J. Norman Lockyer, F.R.S. 
Received November 17, 1877. 


(Abstract.) 


he author refers to the work already done in the new map of the 
Solar Spectrum as enabling the chemical constitution of the Sun’s 
_ atmosphere to be studied under more favourable conditions. 
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He shows that the work already done enables him to confirm the 

_ presence of Sr, Pb, Cd, K, Ce and U, and also that it indicates the pro. 

bability of the presence of Va, Pd, Mo, In, Li, Rb, Cs, Bi, Sn, La, GI, 
Yt or Er. 


IV. Note on the Bright Lines in the Spectra of Stars and 
| - Nebule.” By J. Norman Lockyer, F.R.S. Received 
| December 31, 1877. 


: Owing to absence from England in April last, I have only just become 
| acquainted with Dr. Huggins’ paper, in reply to that by Mr. Stone, on 
the above subject. As Mr. Stone has again directed attention to the 
matter, Iam anxious to say that I agree with him so entirely* that 
two years ago I searched for indications of a large chromosphere in 
the case of a Lyre and some other stars. I believe I have had glimpses 
of bright lines at F and }, but if this discussion had not arisen I should 


* I append an extract from a lecture on the Structure of Nebule and Stars, 
which I gave at Manchester in the autumn of 1876 (‘‘ Manchester Science Lec 
tures’), to show the perfect accord there is between us. “There are nebule and 
stars with spectra so similar that if one had the evidence of the spectroscope alone, it 
might ‘be impossible to decide which was nebula and which was star. Now this 
may be a little startling to some of you, and therefore it is only fair I should explain 
it. The stars, you know, are so remote from us that in the most powerful telescopes 
to which spectroscopes are applied, they appear only as the finest points of light. 
Now these points of light, it is not absurd to imagine, may in some instances be two 
millions, or perhaps even three millions, of miles in real diameter. We know that 
our own sun, which is certainly not the largest star in the heavens, is nearly one 
million miles in diameter; that is to say, the true sun, the true stellar nucleus, is 
one million miles in diameter. Now when I dealt in my second lecture with the 

physical constitution of the sun, I pointed out that the sun which we see, the sun 
which sends us the majority of the light we receive, is but a small kernel in a 
gigantic nut, so that the diameter of the real sun may be, ‘say, two million miles. 
Suppose then that some stars have very large coronal atmospheres; if the area of 
the coronal atmosphere is small compared with the area of the section of the true 
disc of the sun, of course we shall get an ordinary spectrum of the star; that is to 
say, we shall get the indications of absorption which make us class the stars apart ; 
we shall get a continuous spectrum barred by dark lines. But suppose that the 
area of the coronal atmosphere is something very considerable indeed, let us assume 
that it has an area, say fifty times greater than the section of the kernel of the star 
itself ; now, although each unit of surface of that coronal atmosphere may be much 
Jess luminous than an equal unit of surface of the true star at the centre, yet if the 
area be very large, the spectroscopic writing of that large area will become visible 
side by side with the dark lines due to the brilliant region in the centre where we 
can study absorption ; other lines (bright ones) proceeding from the exterior por- 
tion of that star will be visible in the spectrum of the apparent point we call a star. 
Now it is difficult to say whether such a body as that is a star or a nebula. We may 
look upon it as a nebula in a certain stage of condensatiov ; we may look upon it 
as a star at a certain stage of growth.” 
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have still hesitated to mention this, as I have been hoping for an in- | 
crease of optical power which would have enabled me to be quite 
certain on the point. My aperture (6 inches Cooke) is not —— 
to put the result beyond all doubt. 

As, however, the question has been raised, it is better at once to 
state the attempt and its result, and to ask others with greater optical 
power to search for the lines ; taking the precaution to use the cylin- 
drical lens close to the eye, and not to apply it to the instrument until 
the rays to be examined are absolutely in focus on the slit, if a slit i is 
used. It is possible scintillation may help matters. 
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-V. “On the relative ‘ Facility of Production’ of Chemical Com- 


binations.” By Sir B. C. Bropi, Bart., D.C.L., F.R.S. 
November 21, 1877. 


(Plate 4.) 


A circumstance which cannot fail to impress the student of 
chemistry is the extreme paucity of chemical substances. The com- 
binations of which he can conceive are innumerable, but those which 
he can realize are few—a mere sprinkling from the sea-shore sand— 
and, making the fullest allowance for human incapacity, it yet appears 
that there are natural facilities and natural obstacles in the way of 
making certain compounds which are — of our skill and 
power. 

It is my object to show that among these is to be reckoned that 
relative ‘facility of production” of chemical substances which depends 
on the mathematical laws of combination which are inherent in the. very 
nature of chemical combination and unalterable. By this I mean the 
relative facility with which the units of matter may be constructed 
and taken to pieces, owing to the relation of these units to the number 
and kinds of the simple weights of which they are made up; and I 
propose to consider in what way, if any, this unequal “ facility of 
production” is connected with these mathematical laws. Is it true 
that, as a matter of theory, there arises from these laws any greater 
facility for the production of one compound than of another, or do all 
stand on the same level? and, further, does experience tally with the 
conclusions of theory ? 

In my second Memoir,* on the Calculus of Chemical Operations, I 
have shown that the unit of every chemical substance is to be re- 
garded as constituted by the performance of the several operations 
a,x,&°. . . . upon the unit of space, and have also shownt 
that the ultimate analysis of every chemical event leads to the con- 

# ‘¢ Phil. Trans.,” vol. clxvii, part 1, p. 35, 1877. 
+ Loc. cit., p. 115. 
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clusion that chemical events occur by the transference: to and fro 
among the units of matter and space of certain portions of matter 
w(a).w(x),w(é) . . there termed simple weights, which are 
the results of the seribrinance of the operations 
same unit therefore may be constructed in various ways vorrespondial 
to the differences in order in which these simple weights are trans. 
ferred so as to build up the same unit of matter. Some explanation 
is necessary on this point. 

There is nothing in the laws of combination (and these alone we 
are now considering) from which we can infer the performance of any 
one of these operations taken singly to be essentially easier or more 
difficult than the performance of any other; that is to say, the facility 
of constructing the unit a is the same as that of constructing the | 
unit £; but when we consider combinations of more than one operation 
the case is different. The combinations of the operations a and & taken 
two and two together are a’, ag, and £?; the combination a’ is unknown, 


af is the unit of water, and & the unit of oxygen. Now, there is only 


one way in which the unit & can be produced, namely by the suc- 
cessive performance of two operations ~. Similiarly, there is only 
one way in which a® may be produced. But there are two ways in 
which the unit af may be produced, namely by first performing the 
operation £ on the unit of space and then the operation a, in which 
case the unit af is the result; and also by first performing the opera- 
tion a and then the operation £, which results in the combination fa. 
These two results (so far as our present purpose is concerned) are 
identical, as follows from the commutative law af = £a demonstrated 


in Part 1.* We hence say that the “ facility of production” of the 


unit af is twice that of the es units a? and £*. The ternary 
combinations of a and are a’, a*z, aé*, and a® and are unknown, 
at” is the unit of binoxide of nedvogen, and £° is the unit of ozone. On 
these principles the respective ‘facility of production” of these units 


is— 
...3 


Again, the ternary combinations of the operations a and » are a’, 
unknown; a’*v, the unit of ammonia; av’, the unit of nitrogen; v*, un- 
known. The respective “ facilities of production ” of these units are— 


| 


* “ Phil. Trans..,” part ii, 1876, p. 796. 
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Similarly, the “ facility of production” of the unit of the hydro- 
carbon —, a‘x’ is to the “facility of production ” of the hydro- 
carbon benzene a’«* as 126 to 84. The measure of the “ facility of 
_ production” of a unit of matter being in all cases that number which 
expresses the different ways in which the operations may be permuted 
by which that unit is made. It is important to observe that the 
comparison which is here effected is that between the “ facility of 
production” of the units of homogeneous substances, namely units 
severally composed of the same number of simple weights. Thus we 
can compare the “facility of production” of valerylene a‘«’ and 
benzene a’x*, but we have no means of effecting this comparison be- 
tween the unit of valerylene a‘«® and the unit of propylene a*« | 

That this “ facility of production”? is among the causes which de- 
termine the existence of certain units of matter to the exclusion of 
others can hardly be denied, as a speculative truth, by anyone who 
admits that these units are built up from simple weights in the manner 
I have described, but the action of this cause might be so veiled from 
our view, by the action of other causes, that we might never be able to 
detect it by the isolation of its effects. The verification of a scientific 
theory is effected by comparing the results indicated by that theory 
with the actual results of experience, and no physical theory can be 
regarded as demonstrated unless it can stand the test of this com- 
parison. The system of combinations which in the present instance 
lends itself most readily to this verification is the system of hydro- 
carbons. This system contains some eighty-eight combinations, and, 
although limited as regards the full attainment of the object in view, 
is yet far more-extensive than any other similar binary system. The 
composition, too, of the several units of the system is well determined. 
The gaseous density of the hydrocarbon being, in numerous cases, 
ascertained by experiment, and, where this is not the case, being 
determined by reasoning, generally of a very conclusive character.* 

Before proceeding further, I will give a list of the hydrocarbons to 
be considered, and their symbols. For facility of reference, they are 
arranged according to the powers of a. 


1 unit of space. «x? unit of allylene. 

» hydrogen. ox? » ethane. 

ax? » acetylene. 4, propylene. 
ox » methane. crotonylene. 


* In compiling this list, pains have been taken not to introduce non-existing 
hydrocarbons. It has not appeared necessary, in all cases, to verify the list by 
- reference to the original authorities, but it may be taken as representing the existing 
view of the subject as given in the best text-books. In making these references, I 
have been much indebted to my friend Mr. W. F. Donkin, who has gone into the 
question with the greatest care. 
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unit of benzene. 
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ax? 
ox! 
a8 
a9 
all 
x12 
x16 
6 
412 
05,18 
14 


ays 


a? 
a! x8 
or! 
of 
af x36 


phenylacetylene. 
propane. | 
butylene. 
valerylene. 
toluene. 
cinnamene. 
naphthalene. 


ethine naphthalene. 


tetrane. 


amylene. 
dially}. 


xylene. 
allylbenzene. 
dihydronaphthalene. 
methylnaphthalene. 


diphenyl. 


fluorene. 
anthracene. 
pyrene. 


pentane. 


hexylene. 
cenanthylidene. 
cumene. 
phenylbutene. 
ethylnaphthalene. 
diphenylmethane. 
stilbene. 
methylanthracene. 


chrysene. 

hexane. 

heptylene. 

caprylidene. 

cymene. 

benzyltoluene. 
dimethylanthracene. 
naphtbylphenylmethane. 


[Jan. 24) 


«x8 unit of diphenylbenzene. 


x22 
08x? 
08,10 
08x) 
a,15 
ot? 
0x8 
010 
93,9 
230,10 


15.16 


,16 


20,20 


dinaphthyl. 
idrialin. 
heptane. 
octylene. 


terpene. 


amylbenzene. 


-anthrcaene hexhydride. 


benzylxylene. 
triphenylmethane. 
octane. 
nonylene. 

rutylene 
amyltoluene. 
benzylcumene. 
tetramethylanthracene. 
tolyl diphenylmethane. 
triphenylbenzene. 
nonane. 

diamylene. 
amylxylene. 
tetraphenylethylene. 
decane. 
tetraphenylethane. 
endecane. 

dimesityl methane. 
dodecane. 

tridecane. 

benylene. 
tetradecane. 
triamylene. 
ectenylene. 
pentadecane. 

cetene. 

hexdecane. 
tetramylene. 
cerotene. 

melene. 


With the view of effecting a comparison between the hydrocarbons 
actually produced and their relative “facility of production,” as in- 
dicated by theory, I have constructed the following map. The nature 
of this map will be readily understood from inspection. So far as the 
numbers are concerned, it is the arithmetical triangle of Pascal. Each 
Square contains a number, and the symbol of a hydrocarbon. “A line 
drawn so as to cut off an equal number of units from the top hori- 
zontal row and the extreme left-hand vertical column, is called a base. — 
The bases are numbered, beginning from the top left-hand corner. 
Thus, the tenth base is a line drawn through the numbers 1, 9, 36, 
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84, 126, 126, 84 36, 9,1.”* These numbers, it will be observed, are 
the numerical coefficients of the several terms in the expansion of 
(a + «)? and the symbols in the corresponding squares the symbols 
corresponding to those coefficients. Thus, for example, in the case of 
the fourth base, which passes through the numbers 1, 3, 3, 1, we have 
(a+x) + + + The numerical coefficients, as is 
well known, express the number of ways in which the letters in the 
corresponding symbols may be permuted. Now, the “ facility of pro- 

_ duction” of the hydrocarbon varies with the number of these permuta- 
tions, so that in each square the symbol is associated with the number 
expressing its “facility of production.” If experience be concordant 
with theory, the actually existing hydrocarbons which appear on the 
several base-lines (between which it is our object to effect the com- 
parison in question) will be found in those squares in which the 
highest numbers appear. Now, if a perpendicular be let fall upon 
any base from the upper left-hand corner of the square in the top 
horizontal row, this line will either.pass through the square con- 
taining the greatest number or will pass between two such squares, the 
numbers equally diminishing on each side. The pe endicular drawn 
through all the bases will be termed the axis or main diagonal of the 
System. 

The squares in which the actually ixiehing hydrocarbons appear 
are in the map shaded; there are no known hydrocarbons corre- 
sponding to the plain squares. If we follow the course of the axial : 
line, it will be perceived that, up to the twentieth base, the squares | 
through which the axis passes and the squares which lie immediately ! 
to the right and to the left of the axis, with one exception, are coloured : 
grey, so that, up to this point, all the hydrocarbons which have theo- | 
retically the greatest ‘‘facility of production’’ have actually been 
produced. Further, a close inspection will show that there is a decided 

tendency in the system to approximate to this central line. 

It does not follow, from these considerations, that “facility of pro- 
duction” should be the only cause determining the actual existence of 
‘the hydrocarbons. The case is not so simple as that of drawing white 
and red balls from an urn or cards froma pack. At one time the 

efforts of chemists may be mainly, although even unconsciously, 
directed to filling up one part of this system; at another time to filling 
cy up another part; efforts which may have their origin in testing the 
) truth of speculations or possibly in the discovery of some one method 
or one hydrocarbon ;+ but the remarkable fact remains that, notwith-’ 
standing the operation of these multifarious causes acting in various 


* Vide Todhunter, “ History of the Theory of Probability.” | 
_t Thus the great attention which has of late been paid to the derivatives of 
phenyl has caused what may be considered as an exaggerated growth of the system 
to the right of the main diagonal. 
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directions, the paramount influence of this “facility of production” 
should still be apparent as the ¢ one cause which determines the general 
aspect of the system. 

The causes 1 have mentioned would obviously determine an unequal 
growth of the system and preclude a perfectly symmetrical arrange. 
ment, at any given time of observation, of the cluster of hydrocarbons 
around the axial line. How far this inequality is due to accidental 
causes, and how far to the operation of permanent causes acting in one 
direction, is impossible, from the slender data we possess, to say, but 
the chemist should ever be alive to the detection of permanent devia- 
tions, in the form of the actual system, from the form indicated by 
theory, for in such observations lie our best means of detecting the 
existence of other causes affecting its growth, besides that predominant 
cause which has been here discussed. 


January 31, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President in the Chair. 


The Presents received were laid on the table and thanks ordered for 
them. 


The following papers were read :— 


I. “ Further Researches on the Minute Structure of the T hyroid 
Gland.” Preliminary Communication. By E. Cresswell 


BaBER, M.B. Lond. Communicated by Dr. KueEry, F.R.S. 
Received November 21, 1877. 


In a previous communication to the Society* I have described some 
observations made on the minute anatomy of the thyroid gland of the 
dog. Since then I have extended these observations, under the direc- 


_tion of Dr. Klein, to the glands of other vertebrate animals. The 


chief results as yet arrived at will be very shortly described in the 
present communication, a full account of them being reserved to 4 
future paper. 

Lymphatics.—In the thyroid gland of the dog I have described 8 
dense rounded network of lymphatics traversing the gland in all 
directions, and consisting of lymphatic vessels, tubes, and spaces. A 
similar system of lymphatics has been observed in the glands of other 
mammalia, as kitten, rabbit, man, and horse; the extent of distribu- 
tion, however, as shown by the injection, appears to vary in different 


* “Philosophical Transactions,” 1876, vol. clxvi, pt. ii, p. 527. 
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animals. In the tortoise a network of lymphatics can be injected, of 
which the smaller ramifications run between almost all individual 
vesicles. The homogeneous or granular material which I have de- 
scribed in the lymphatics of the dog’s thyroid, has been observed in 
the same vessels in other thyroid glands, e.g., in those of horse, man, 
sheep. It occurs in both injected and uninjected glands. The quan- 
tity varies much in different glands of the same animal, it being 
sometimes present in large quantities, and at other times appearing to 
be entirely absent. These observations so far merely confirm the results 
arrived at in the dog. In the thyroid gland of birds, however, a 
different arrangement “of parts takes place. On injecting the thyroid 
_ gland of a pigeon by the method of puncture with Berlin blne, it be- 
comes swollen, and the injection is seen running in the jugular vein, 
with which the gland is in close apposition.* Examination of sections 
of the gland shows that the injection has entered vessels containing 
blood-corpuscles. The same vessels become filled on injecting in like 
manner with nitrate-of-silver solution. To ascertain whether by the 
puncture method the blood-vessels really become injected, another 
gland was injected with Berlin blue from the lower part of the carotid 
artery, the artery at the same time being secured above the gland. In 
this case, in which the injection had entered the capillaries and veins, 
it was evident that these were the same system of vessels which were 
injected by the method of puncture. I may, therefore, state that on 
repeated injections of the thyroid gland of the pigeon, both with Berlin 
blue solution and with nitrate of silver by the method of puncture, I have 
been unable to inject any system of lymphatic vessels, but have always found 
the injection in the blood-vessels of the gland. In the thyroid gland of 
this bird the blood-vessels present the following characters :—The 
capillaries, as usual, form a network running between the individual 
gland-vesicles, but in proportion to the size of the vesicles (which in 
this gland are as a rule small); they do not appear so minute, nor to 
have such complicated ramifications as in the case of mammalia, but 
resemble more the distribution of the lymphatics in some of those 
animals. The veins frequently surround, either partially or entirely, 
the arteries which they accompany. Immediately under the capsule of — 
the gland numerous large veins are seen, and in the fibrous capsule 
_ Itself, I have noticed layers of blood-corpuscles, which appear to be 
contained in blood-vessels communicating with the veins of the interior. 
Once or twice I have noticed in the large veins on the surface of the 
gland (under the capsule), in addition to blood-corpuscles, and perhaps 
coloured injection, a greater or less quantity of a material of homo- 
geneous aspect, presenting an appearance similar to the material seen 

* It will be remembered that on injecting the dog’s thyroid gland in a similar 


manner, the injection was seen emerging from the gland in lymphatic vessels which 
tan to neighbouring lymphatic glands, 
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in the vesicles, and also to that described above in the lymphatics of 
the thyroid gland of the dog and other mammalia. In the thyroid 
gland of the rook no system of lymphatics is injected by the method 
of puncture, but the blood-vessels, presenting an appearance very 


_ similar to those in the pigeon, become filléd. Since the publication of 


my researches on the thyroid gland of the dog, I have become ae 
quainted with P. A. Boéchat’s thesis on the structure of the thyroid 
gland (published in 1873), in which he describes the lymphatics of 
this organ. I regret that I was not previously aware of his researches; 
but it is satisfactory to find that the results of our independent ob- 
servations on this subject are very similar. 

Epithelial Cells.—In the thyroid gland of several animals I have 
observed in the epithelial cells nwmerous very fine parallel strie, ranning 
in the direction of the long axis of the cell, z.¢., from the summit (or 
free extremity) of the cell down towards its base. I can sometimes 
trace this striation running apparently the whole length of the cell from 
apex to base; at other times it is only visible for a greater or less dis. 
tance near the summit of the cell. I have observed it most clearly im 
the thyroid glands of the skate, tortoise, pigeon, and kitten. Be. 
tween the epithelial cells of the thyruid gland a reticulum may often 
be observed. I have noticed it more especially in the tortoise, skate, 
kitten, &c. Recently Otto Zeiss* has described a reticulum between 
the epithelial cells of the thyroid gland. 

Parenchyma.—The large round cells described in my previous paper 
in the thyroid gland of the adult dog, and there named “ parenchy- 
matous cells,” I have since observed in dogs aged five and nine weeks 
respectively. In the thyroid gland of the cat parenchymatous cells are 
present in considerable numbers, although not nearly so numerous 48 
in the dog. Parenchymatous cells are also seen in the thyroid of the 
rabbit. In the thyroid gland of the pigeon large groups are frequently 
seen consisting of cells, which are larger than the adjacent epithelial 


cells, round or oval in shape, and provided each with a single spherical 


or oval- shaped nucleus. They resemble very much the parenchymatous 
cells seen in the dog. 

Undeveloped Portions.—In the thyroid gland of the adult dog bodies of 
considerable size are frequently seen, which differ entirely in structure 
from the rest of the gland. They are rounded or flattened in shape 


- usually situate on the surface of the organ, and possess the following 


structure. They consist of a solid mass of more or less cylindrical rows 
of cells, which are much convoluted and interlace in all directions. 
Between them run capillary blood-vessels, and also probably some 
lymphatics. These “cylinders” are composed of cells resembling-epl- 
— cells, columnar or cubical in shape, those on the surface of the 


Mikroskopische tiber den Bau der Schilddriise.” Strassburg, 
7. 
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cylinder, next to the capillaries, being arranged at right angles to the 
long axis of those vessels. Hach cell is provided with a nucleus, 
usually oval in shape. In very few, if in any, of these cylinders have I 
been able to detect any central canal. In the dog I have always 
observed these ‘‘undeveloped portions” as distinct bodies, not con- 


| tinuous with the normal gland tissue, but separated from it by 


layers of vonnective tissue, and frequently lying in depressions on 
the surface of the gland. They appear to be portions of gland, whose 
development has become arrested at an early stage, and there is no evi- 
dence to show that they undergo any further development subsequently. 
In the kitten similar undeveloped portions are seen, but in this 
animal they may sometimes be observed to be continuous with the 
ordinary gland tissue. In this case a formation of vesicles from the 
cylinders of cells appears to be taking place by the growth into them 
laterally of processes of connective tissue with blood vessels, and by 
their excavation into vesicles. In the kitten the cylinders are less 
convoluted than in the dog, and throughout the gland the fully formed — 
vesicles frequently appear grouped in rows, which have a more or less 
parallel arrangement. Somewhat similar, but shorter, cylinders of 
cells are seen in the thyroid of the pigeon, scattered throughout the 
gland. I may mention that in the thyroid glands of foetal pigs 
(measuring about 23 inches in length) before the formation of vesicles 
has taken place, I have seen cylinders presenting an appearance 
similar to those above described. | 
- In sections of the glands of young dogs (aged about five weeks and 
three months respectively) I have observed that the vesicles are very 
much branched, and present numerous hollow ramifications. In the 
thyroid glands of numerous other dogs of different ages, I have with 
equal certainty ascertained that the vesicles presented very few, if any, 
of these hollow branches. These much-branched vesicles are doubt- 
less the hollow branched cavities (tubes) of Zeiss, which he obtains by 
floating them out from portions of the fresh gland of young animals. 
In glands in which the vesicles present this appearance, the walls of the 
vesicles are frequently inflexed so as to form numerous projections into 
the interior, as already described by Verson and myself. Zeiss has 
repeatedly endeavoured to inject these hollow-branched cavities by the 
method of puncture, but without success. Neither have I, in all my 
injections, ever succeeded in filling any such structures, which must 
surely have been the case if the hollow-branched cavities were in com- 
munication with one another to any extent, for it seems almost impos- 
sible to suppose, as Zeiss does, that the contents of these , cavities 
can prevent the injection from running into them, whilst we know that 
the viscid contents of the lymphatics have no such effect. I am of 
opinion that these hollow branched cavities do not communicate with 
one another to any extent, and that, in the dog at least, they merely 
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form a stage in the growth of the gland. In the mature state of the 
organ in this animal I consider that the vesicles, as usually supposed, 
consist of cavities more or less spherical in shape, which are not in 
communication with one another. 

The points mentioned in this note, together with others connected 
with the subject, will be fully discussed in a future paper. 


II. “On Stratified Discharges. V. Discharge from a Con 


denser of Large Capacity.” By WILLIAM SPOTTISWOODE 


M.A., LL.D., Treas. and V.P.R.S. Received November 2, 
1877. 


The principal object of the following communication is to describe 
an instrumental arrangement which has proved very convenient for the 
production of steady strie. The first attempt which was made nearly 
two years ago (February, 1876), consisted in charging a Leyden bat- 
tery of nine large jars by means of an induction coil, and discharging it 
gradually through a vacuum tube. This was effected by connecting 
- one terminal of the tube with the outside of the battery, and present 

ing the other terminal, made pointed, to a knob connected with the 
inside, at suitable distances. The following effects were then observed: 

(1.) When the interval between the terminal and the knob was 
considerably greater than striking distance, the appearance in the tube 
was cloudy and apparently unstratified, or showed only faint indica 
tions of stratification. It was, in fact, very similar to that produced 
by attaching one terminal of the tube to one of an induction coil, and 
carrying the other to the earth. 

(2.) When the interval was within striking distance, the usual jar. 
discharge without stratification or dark space took place. | 

(3.) When the interval was slightly greater than striking distance, 
but not so great as in the first case, a bright stratified discharge was 
observed. The proper motion due to a decline in tension was shown by 
a revolving mirror, and by acareful but rapid alteration in the distance § 
during discharge, the motion could be arrested or even reversed. The 
duration of the whole, although long compared with a single flash from 
an ordinary coil, did not exceed half a second. 

This experiment gave reason to hope that if a condenser of sufficient 
capacity were constructed, the discharge might be prolonged, and evel 
varied, so as to allow an actual study of its various phases to be made. 

The next attempt was made during last summer with some com 
densing plates, constructed for cable purposes, and kindly lent +o mé 
by Messrs. Latimer Clark, Muirhead, and Co. The results were i 
every way calculated to encourage further steps. 


At the suggestion of Mr. De la Rue, and with the assistance of hit 
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battery for the purpose of testing the instrument, the same firm con- 
structed for me condensers of which the following are the particulars. 
Each condenser is contained in a box, and has a capacity of 13°8 micro- 
farads, subdivided into ten sections, each section containing forty sheets 
of tinfoil, 18 in. x 13 in., insulated from each other by eight sheets of 
parafined tissue paper. The superficial area of foil in each box is 1,300 
square feet, and that of parafined paper 14,166 square feet. It was 
found that these. condensers could easily be charged with a 4-inch 
induction coil, worked by two Grove’s, or even bi-chromate, cells. A 
much smaller coil would aay suffice if the coil were made with a 
thick secondary, since }- to $-inch sparks are all thaf are required. In 
order to charge the cotdienier, one terminal of the coil was carried to 
outside of the condenser, and the other to the other with an inter- 
vening air spark. The object of the air spark was twofold: first to 
ensure that the tension of the electricity was sufficient to give the re- 
quired charge to the condenser, and, secondly, to prevent the latter 
from discharging itself back through the secondary of the coil. After 
some trials, it was found that the air spark might, with great advan- 
tage in steadiness of action, be replaced by a vacuum-tube which offered 
sufficient resistance: such, for instance, may generally be found among 
those prepared for spectrum analysis, although these differ very widely 
in resistance. Lastly, the condenser was furnished with a safety dis- 
charger, consisting of a brass sphere and a point adjustable in distance 
from one another, so that the condenser might discharge itself at a 
suitable tension; 7.e., before the tension rose high enough to break 
down the insulation of the plates. 

The discharge through the vacuum tubes on which experiments were 
being made was effected either by leading the two sides of the con- 
denser directly to the terminals of the tube; or more often by leading 
one direct, and the other through the intervention of a resistance coil, 
such as was described in the Proceedings of the Royal Society for 1875, 
pp. 461—2. By altering the length of the resisting column as the 
tension in the condenser declined, the charge could be delivered through 
the tube at any required rate. 

By this arrangement a steady stratified discharge can be maintained’ © 
for one, two, or more minutes, according to the nature and pressure of 


the gas contained in the tube. In one case, with a nitrogen tube of 30 


inches in length and 2 in diameter, a special fixed phase was maintained 
for upwards of five minutes with one of the boxes above mentioned. 

Speaking in general terms, the same connexion between resistance 
in the circuit and the flow of the striz as had previously been noticed 
with the induction coil and rapid contact-breaker (Proceedings of the 
Royal Society for 1875, pp. 458—9) was observed with this method ; 
but the phenomena were exhibited with’ greater distinctness, and 
could be examined more at leisure. 
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In particular, with the nitrogen tube above mentioned, and other 
similar tubes, the direction of the flow reversed itself as the charge in 
the condenser became more exhausted. This was apparently due rather 
to a diminution in strength of current, or quantity of electricity page 
ing through the tube, than to fall in tension, inasmuch as any particular 
phase could be maintained by gradually diminishing the resistance in 
the circuit as the tension declined. The penultimate phase was a for. 
ward flow from the positive terminal, the ultimate a fixed condition of 
strie. When sufficient resistance was interposed in the circuit, these 
strise showed a faint indication of fissure into pairs of lamine, and 
even actually broke into pairs by forward jerks. Very shortly after 
this the column became blurred, and the discharge then finally ceased, 
It should be further mentioned that by a suitable increase or dimint 
tion of resistance in the circuit the flow could be reversed —- and 
again at pleasure. 

It has frequently been noticed that in some tubes the column d 
stris shows a tendency to mobility, while in others it is comparatively 
fixed ; in one case it appears to be in a position of unstable, in the other 
in a condition of stable, equilibrium. The former may generally k 
exemplified in hydrogen and nitrogen vacua, the latter in carbonie 
acid, hydrochloric acid, and other vacua. Experiments which I have 
recently made with another, in some respects yet more powerful, 
method, tend to bring out the connexion between these two classes, 
but I reserve an account of them for a future occasion. 

Pursuing this subject further, I repeated the same experiments with 
an 18-inch, instead, of a 4-inch coil, using as a battery either six large 
_ bichromate of potash cells, or, with still better effect, a large Gramme’ 
machine, worked by steam. The results were in every way satisfae 
tory. Tubes in which with the 4-inch coil the strisz: were at best only 
imperfectly developed, or in which it was impossible to maintain the 
discharge for any appreciable time, were illuminated successfully 
both respects; and in many cases the supply of electricity from the call 
to the condenser could be so regulated as to maintain special phases fot 
an indefinite time. The change of tint from pale salmon colour # 
violet-gray in (impure?) carbonic acid vacua, due to increased tension, 
as observed by Mr. De la Rue with his great battery, were here dis 
played with great brilliancy. 

The advantage of the 18-inch over the 4-inch coil consisted not #0 
much in the tension as in the quantity of electricity given off to the 
condenser at each secondary discharge; and it seems probable thats 
coil specially constructed with ary. thick primary and secondary, and 
capable of giving sparks from } to 4 inch in length, would be the_mo# 
suitable instrument for the purpose. It would, of course, be necessaty 
that the condenser should have sufficient capacity to act as a fly-whedl 
during the intermittence of the supply from the coil. 
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III. “On the Expression of the Product of any two Legendre’s ~ 


Coefficients by means of a Series of Legendre’s Co- 
efficients.” By Professor J. C. ADAMS, M.A., F.R.S. Re- 
ceived November 22, 1877. 


The expression for the product of two Legendre’s coefficients which 
is the subject of the present paper, was found by induction on the 
13th of February, 1873, and on the following day I succeeded in 
proving that the observed law of formation of this product held good 
generally. Having considerably simplified this proof, I now venture 
to offer it to the Royal Society; and, for the sake of completeness, 


I have prefixed to it the whole of the inductive process by which the © 


theorem was originally arrived at, although for the proof itself only 
the first two steps of this process are required. Thetheorem seems to 


deserve attention, both on account of its elegance, and because it 


appears to be capable of useful applications. 
As usual let Legendre’s nth coeflicient be denoted by P,, then P, 
may be defined by the equation | 
Pin 


It is well known that the following relation holds good between 
three consecutive values of the functions P, viz.: — 


Now Pp. 
3 1 
gain, we have 
3 1 
. P,P.=5 
_3 nt) 3 1 


Substitute for wP,,, and wP,., their equivalents obtai by writ- 
ing n+1 and n—1 successively for n in the above formula 
3 (n+1) (n+2) 
3  (n+1)? 1 3 
2 (Qn+1) (2n+3) Qn—1) (2n41) 


 (n—1)n 
(2n—1) (2n+ 
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By a slight reduction the coefficient of P, becomes 


(2n—1) (2n+3) 


Hence 
Pp _3 (ntl) (n+2) n(n+1) P 
(2n+1) (2n4+3) (Q2n—1) (2n4+3)"* 
3 (n—1)n 
+3 @n—1) 
Again, putting n=2 in our original formula, we have 
2 
| 5 
P,P,=3 
(n+1) (n+2) n(n +1) 
(2n+1) 73 (Qn—1) (Qn4+3)""* 


5 (n—1)n a 


Substitute for A uP, and uP,., their equivalents as before 


pp (n+2) (n+3)_ 
(Qn+1) (2n+4+8) (2n+5) 


+f (n+1)(n+2) nt+2  n(m+1) ntl 2n41 


n(n+1) n 45 (n—1)n n—1l 
8 (2n—1)(2n +3) 2n+1 2 (Qn—1) (2n4+1) 3 


2 (2n—8) (2n—1) (2n4+1) ** 


+ 


_— By reduction the coefficient of P,,, in this expression becomes 


3 n(n+1) (n+2) 
2 (2n—1) (2n+1) (2n4+5) 


and similarly the coefficient of P,_, becomes 


3 (n—1) n(n+1) 
2 (2n—3) (2n+1) (2n+3) 


Hence we have 
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5 (n+1) (n +2) (n+3) 
2 (én-+1) (2n+3) (2n+5) 


(n+2) 
2 (2n—1) (2n+1) (Qn+5) 


43 (n—1) n(n+1) 


L 


+ 


2 n+1) Qn+3) 


5 (n—2) (n—1)n 


(In41) 
we have 


Whence by substituting the values found above for =, P, and P, P, 
and again for P,.,, &c., we obtain 


pp (n+2) (n+3) n+3 \ 


(Qn—1) (Qn +1) Qn+5) L2n+3 


8,7. (n—1) n(n+1) n 
+24 Qn—3) Qnt3) Pitz 


5.7 (n—2) (n—1) n 


| 2.4 (2n41) (2n+3) (2n—1) (2n4+3)"* 
(n—1)n_, 


By reduction, the coefficient of P,,, in this expression becomes 


n(n+1) (n+2) (n+3) 
2 (2n—1) (2n+1) (2n+3) (2u+7) 


Similarly, the coefficient of P,., becomes 


(n—2) (n—1) n(n+1) 
2 (2n—5) (24n—1) (2n+1) (2n+3) 


and finally, the coefficient of P, becomes 
(n—1) n(n $1) (n+2) 


2) (2n—3) (2n—1) (2n4+8) (2n4+5) 
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Hence, collecting the terms, we have © | 
1.3.5.7 (n+1) (n+2) (n+38) (n+4) 


@n4+1) Qn+3)(2n+5) Qn+7) 
41.3.5 n(n+1) (n+2) (n+3) 
1.2.3 Qn—1) Qn+]) Qn 43) 
| (n—1) n(n+1) (n+2) P. 
| 1.2° 1.2 Qn—1) (243) (2n+5) 
1 1.2.3 Qn—1) (Qn+1) (Qn+3) 
i (m—3) (n—2) (n—I1)n 


1.2.3.4 (Qn—5) (Qn—8) (2n—1) @n+1) 


where the law of the terms is obvious, except perhaps as regards the 
- succession of the factors in the several denominators. 

With respect to this it may be observed that the factors in the 
denominator of any term P, are obtained by omitting the factor 2p +l 
from: the regular succession of five factors (n " (n+p—l) 
(n+p+1) (n+p+8) (n+p+5). 

For instance, where p=n+4, 2p+1=2n+9, so that the factor 
2n+9 is to be omitted, and we have 2n+1, 2n+3, 2n+5 and 2n+7, 
as the remaining factors, and so of the rest. 


Hence by induction we may write, supposing to fix the ideas that 
m is not greater than n 


3.9. (n+1) (n4+2)....(n4+m) 


1.8.8. m  (Qn+1) (2n+8)... (2n+2m+1) 
x [(2n+2m+1) 
.3.5..(2m—3) 1 n(n+1)...(n+m—1) 
1.2.3..(m—1) “1° (Qn—1) (Qn41)... (2n4+2m—1) 
X [(2n+ 2m—3) 
+ &e. &e. 
1.2.3...(m—r) r 


(2n—2r+1) (Q2n—2r +3)... 


x [(2n+ 2m—4r+1) Py, 


+&. &. 
1.3.5.. (2m—3) (n—m+2) (n—m+8).. (n+1) 


[(2n—2m+5) 
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1.8.5; (n—m+1) (n—m4+2)...0 


x [(2n—-2m+1) P,_»] 
And it remains to verify this observed law by proving that if it holds 


good for two consecutive values of m, it likewise hold good for the — 


next higher value. 


If the function 3-37 


term of the above sepreasion for P P, may be very —" repre- 
sented by 


Th cans be denoted by A(m), th the general 


A(m—r) A(r) A(n—r) (2n+2m—4r+1 Pp 
A(n+m—r) 21 + 2m 

r being an integer which varies from 0 to m. 

The fundamental property of the function A is that 


a(m) 


or A(m)= A(m+1) 


We may interpret A(m) when m is zero or a negative integer, by 
supposing this relation to hold good generally, so that putting m=0, 
we have | 


A(0)=A(1)=1 
Similarly - A(—1)=2 (0) =0 


and hence the value of A(m) when m is @ negative integer will be 
always zero. 


We will now proceed to. the general proof of the theorem stated 
above. 


Let Q,,, or Q, simply, denote the quantity of which the general 
term is 
A(m—r)A(r)A(n—7) Pp 
A(n+m—r)— 


In this expression x is supposed to vary from 0 to m, but it may be 
remarked that if r be taken beyond those limits, for instance if 
r=—1, or r=m-+1, then in consequence of the property of the func- 
tion A above stated, the coefficient of the corresponding term 
will vanish. Hence practically we wey consider 7 to be unrestricted in 
value. 


Similarly, let Q,,-; denote the quantity of which the general term 


A(m—r) A(r—1) A(n—r+1) Qn+-2m—4r+3 


~A(n+m—r) 2n-+2m—2r+1 
F 
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; 
tor 

| 


68 Prof. J. ©. Adams on Legendre’s Coefficients. [Jan. 8 


writing m—1 for m and r—1 for r in the general term given above, 
Also let Q,,4, denote the quantity of which the general term is 


A(m—r +1) A(r) A(n—1)(2n4+2m—4r+ 
A(n+m—r-+1) | \2n+2m—2r4+3 n+-m—2r+1 


writing m+1 for m in the general term first given. In consequence 
of the evanescence of A(m) when m is negative, we ~_ in all these 
general terms suppose r to vary from 0 to m+l1. 
Let us assume that Q,.=P,,P,, and also that Q,=P,, Po then we 
have to prove that 
As before, =() 


(m41)P iP, +mP,,P,— —(2m+1)uP,, =0 
Hence our theorem will be established if we prove that 


(m 1) + MQ n—1 (2m + =0 


Now 
| 
| $1) 2n+2m—4r+5\y, | 
| A(n+m—r-+1) on 
A(m—r) A(r) A(n—r) (2n+2m—4r+1 
A(n+m—r) 


Multiplying by wand substituting for 
in terms of we find the coefficient of in 


to be 
A(m—r+1) A(r—1) A(n—r41) ( n+2m—27r4+2\ 
A(n+m—r-+1) 2n+m—2r+3 
A(m—r) A(r) A(n—r) ( n+m—2r+1 
A(n+m—r) 2n+2m—2r+1/ 


Hence the coefficient of P, 12 1)Q, 
will be 


A(m—r+1)A(r)A(n—7) (m+1)( 
2n+2m—2Qr+3 


1)A(n—r+1) (2m m+1)( n+m—2r+2 ) 
A(n+m—r+1) 2n+2m—2r+3 


A(m—r)A(r)A(n—7) (2 
/ ( l 
A(n+m—r) 2n+2m—2r+1 


(2n4+2m—4r +3 
A(n+m—rT) 2n+2m—2r+1 


1 
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The sum of the first two lines of this expression is 
A(m—r+1) A(r—1) A(m—7) 


A(n+m—r+ 1) (2n + 2m —2r +3) 


Suppose for a moment that ene 1=q, then the quantity within 
the brackets becomes 


Now this quantity evidently vanishes when g=r, and therefore it 
is divisible by g—r. It also vanishes when m+1=r, and therefore it 
is likewise divisible by m—r+]. 

~ Hence it is readily found that this quantity 


= —r4+1) (2m42q41) 
qr 


or (m—r+1) (2n+2m—2r+3) 


So that the sum of the first two lines of the expression for the co- 
efficient of 18 
A(m—r+1) A(r—1) (m—r+1) (n—2r+1) 
A(n+m—r+1) r(n—r+1) 
_ Again, the sum of the other two lines of the expression. for the co- 
efficient of 18 
A(m—r) A(r—1) A(n—7) 
A(n+m—r) (2n+2m—22r4+1) 


m(2n-+2m—4r 


As- before suppose »—r+l=q, and: the quantity within the 
becomes 


q—") +—4— m(2m+1 


Now this quantity evidently vanishes when q=r, so that it is 
' divisible by g—r. It also vanishes when m=—dg, and therefore it is 
likewise divisible by m+q. 
Hence it is readily found that this quantity 


(q+m) (2m—2r+1) 


_ n—2r+1 


(n+m—r+1) (2m—2r+1) 


+1) 
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and therefore the sum of the last two lines of the expression for th 
coefficient of 18 


A(m—r) A(r—1) A(n—r) 


A(n+m—r) 
(n—2r+1) (nt+m—rtl) Qm—2r+1) 
r(n—r+1)— 2n+2m—2r+1 


Hence the whole coefficient of ere is 
A(m—r) A(r—1) A(n—r)  n—2r41) 
A(n+m—r+1) r(n—r+l 
x {2m—2r+1)—(2m—2r+1)} = 0. 
And the same holds good for the coefficient of every term. Hence 


we finally obtain 


(m 1) MQ n—1 (2m + 1) — Q, 
which establishes the theorem above enunciated. 


The principle of the process employed in the above alsa may be 
thus stated : 

Every term in ‘i value of Q, gives rise to two terms in the value 
of »Q,, or in that of (2m+1)xQ,,; one of these terms is to be sub. 
tracted from the corresponding term in (m+1)Q,,,,, and the othet 


from the corresponding term in mQ,,_,, and it will be found that the 
two series of terms thus formed identically destroy each other. 


Hence we can find at once the value of the definite integral 
\ dp 


for if p=n+m—2r we have 


2p+1 


n+m+pt+l P 
2 
+ &e. 
Hence 
ntm+p+ij«? 
m+p—n 
2 ( 2 ) al 
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or if Pas 

1 A(s—m)A(s—n)A(s—p) 

where as above 

-5) 


It is clear that, in order that this integral may be finite, no one of the 
quantities m, n, and p must be greater than the sum of the other two, 
and that m+n”+p must be an even integer. 

I learn from Mr. Ferrers that, in the course of the year 1874, he 
likewise obtained the expression for the product of two Legendre’s 
coefficients, by a method very similar to mine. In his work on 
“Spherical Harmonics,” recently published, he gives, without proof, 


the above result for the value of the definite integral \ Fak ot oh 


IV. “Experiments on the Colours shown by thin liquid Films 
under the Action of Sonorous Vibrations.” By SEDLEY 
Taytor, M.A., late Fellow of Trinity College, Cambridge. 
Communicated by J. W. L. GuarsHER, M.A., F.R.S. Re- 
ceived December 12, 1877. 

(Plates 5 and 6.) 


Professor Helmholtz remarks, at page 603 of the fourth edition of 
his “ Tonempfindungen,”’ that a film of soapsuds and glycerine forms, 
when caused to occupy the orifice of one of his “resonators,” an 
extremely sensitive means by which to make visible the vibrations of 
the air within its cavity. 

While I was engaged in verifying this observation, my notice was 
attracted to the parallel bands of colour which traversed the film, and 
it occurred to me to examine whether the forms of these bands were 
affected by the sonorous vibrations which agitated the film. A few 
rough trials having convinced me that they were so affected, I at once 
proceeded to submit the phenomena which presented themselves to a 
closer examination. 

Having caused a film to adhere to the circular aperture of a Helm- 
holtz resonator, and allowed the fiuid to drain off until the interference- 
colours became visible, I set the resonator, nipple downwards, in a 
stand, so that the film was exactly horizontal, and then stroked with a 
resined bow a tuning-fork of the same pitch mounted on its resonance 
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box and placed near the resonator. With a tenacious film and uniform 
bowing, this resulted in the formation of a fixed figure, consisting of 
coloured bands, straight or curved, symmetrically arranged, and 
generally accompanied by one or more colour-vortices rotating iy 
opposite directions. A single sweep of the bow usually sufficed t 
call out such a figure from a previous state of colour-chaos, and, whenit 
was once established, careful bowing would keep it fairly steady for 
some little time. While, however, its form remained thus constant, it 
colours underwent a progressive series of changes as the thickness of 
the film gradually diminished. Presently there would come a complete 
break-up of the figure, often accompanied by a violent rotation of the 
whole film, after which a different figure, generally of a simpler form, 
would establish itself, to be in its turn, provided the film only held 
out long euough, replaced by another and still more simple figure 
Sometimes, but much less frequently, the changes of form occurred 
without a separating interval of disorder, the incoming figure sup. 
planting its predecessor with kaleidoscopic abruptness. The most 
interesting feature of these figures was their stationary colour-vortices, 
arranged pairwise, and churning round and round with a velocity 
which seemed limited only by the loudness of the sound at command, 
and by the capacity of the film for bearing the strain put upon it. The 
fixed bands, viewed at any one instant, mostly presented a surprising 
degree of complexity, with entire symmetry in the arrangement both of 
form and of vividly contrasting colour. The general effect may, 

_ perhaps, be compared to that of an elaborate “ set-piece” of fireworks, 
in which turbines of coloured flame play a conspicuous part. But’ the 
great charm of the experiment lay in watching the successive changes 
of form and hue which, beantiful from the very outset, became, as the 
film neared its moment of dissolution, surpassingly gorgeous. It would, 
I think, be difficult to point to a more splendid series of phenomena in 
the whole range of physical optics. 

To give anything like a complete representation of the colour 
appearances observed would severely tax the utmost resources of pit 
torial art. The illustrations* appended to this paper are meant only 
to convey a general notion of the phenomena which presented them- 
selves. The memoranda for them were carefully taken down during 
actual observation of the experiments, so that, in their broader features, 
the figures given may be safely depended on. Minute accuracy of | 
detail could not, in dealing with such wayward phenomena, be secured. 
except by a greater expenditure of time than was feasible. I propose 
to make a few remarks on some of the colour-figures produced by the 
mode of experimenting described above. 

Gentle bowing, and a film not too thin, nelle called out fig. 1, im 


* Drawn by Mr. Daniel Wood, Master of the Cambridge School of Art, who most 
kindly placed his skill and scanty leisure at my disposal. 
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which bright concentric rings contrasted with a differently tinted 
ground, while the whole was surrounded. by a margin of mixed 
colours in an unorganised condition. Stronger bowing, or the pro- 
gressive thinning of the film, would then establish fig. 2, the most 
typical and. persistent of the whole series. Here concentric circular 
bands were enclosed by others approximately square, and these again, 
together with four sets of irregularly flattened ovals symmetrically 
disposed, by other square bands, inclined at 45° to the former ones. 
Outside the latter were four pairs of colour-vortices, with stationary 
tadpole-shaped nuclei, rotating in the alternate directions shown by 
the arrows. Nearly the whole space included between the outer square 
and the edge of the film was occupied by colours whirling in circular 
or slightly elliptic orbits. The contrast between the fixed and moving 
portions of this figure was always extremely striking and beautiful. 

In fig. 3, a set of fixed concentric rings separated adjacent pairs of 
vortices. 

Figs. 4 and 5 presented a pentagonal arrangement with five pairs 
of vortices. The dotted space in the latter figure appeared — 
over with minute air-bubbles. 

Fig. 6 belonged to a less regular class of forms. 

Fig. 7 was only once observed. Its central rings were inclosed in a 
series of triangular bands, outside which were three sets of flattened 
ovals similar to those in fig. 2, but each containing a single vortex 
rotating about a nucleus. 

_ Fig. § usually showed itself only when the thinning of the film was 
far advanced. There was a flow of colour along the dotted lines in 


. the direction of the arrow, which subsequently divided into two 


streams, and, after passing outside the two sets of flattened ovals and 
through the channels separating them from a third irregular crescent- 
shaped series of bands, united again opposite the protuberance in the 
concavity of the latter, and went on performing the same circuit. 
When the film had become excessively thin, this figure frequently 
showed nothing but the two tadpole nuclei, with an oval vortex about 
each, whose longer diameter was not much less than that of the film 
itself, 

In all the preceding figures the axis of symmetry was evidently 
determined by the direction in which the sonorous vibrations reached 
the film. | 

The results which have been as yet described were obtained from 
films clinging to the circular orifice of a resonator. A simpler mode of 
proceeding is to form the film on an aperture cut in a piece of card- 
board or thin sheet of metal, and place this upon the open end of a 
resonance-box, into which its.appropriate tuning-fork has been pre- 
viously screwed. The box is, of course, to be held steady, with its 
opening horizontal, while the fork is thrown into vibration. By 
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operating in this manner with apertures of various shapes, I obtaing 
a large number of distinct figures: a few of the least complex hay 
been selected for illustration. 

In figs. 9, 10, 11, the aperture used was an equilateral triangle; ix 
figs, 12, 13, 14, a square. The general character of these results will 
after the expianations already given, be readily understood on inspe. 
tion of the diagrams. Their axis of symmetry depended on the positig 
of the film with reference to that of the tuning-fork. 

When larger apertures, or a fork and box of higher pitch, we 
used, the resulting figures became rapidly more complex, and form 
were readily obtained in which the whole film was covered with a 
uniform pattern consisting of some single figure analogous to one d 
those already described repeated over and over again. With vey 
acute sounds the separate figures became too small for recognition anf 
too numerous for counting. 

The resonance of an air-cavity is, as is well known, not limited t 
supporting a note of one single degree of pitch, but can also reinform 
other notes, provided they are not too far distant from its proper 
fundamental tone. It was therefore to be expected that colour-figute 
could be obtained from a film in the mouth of a resonator by employ. 
ing sounds other than that to which its cavity was tuned. In putting 
this to the test of experiment I found it convenient to replace th 
sounds of mounted tuning-forks by those of my own voice. The film 
formed as at first in the orifice of a resonator, showed itself sensitive 
to very slight differences of pitch. When the note sung was some 
where in the neighbourhood of the resonator’s proper tone, the 
smallest sharpening or flattening which my voice could produced 
to an instantaneous and unmistakable change of figure. Moreover, 
the limits of pitch on either side of the resonator’s own note, within 
which permanent figures could be obtained, were considerably wider 
_ than those between which audible reinforcement by the resonator 
itself occurred. 

In order to test the capacity of two figures corresponding to tones 
of different pitch for coalescing into a regular resultant-form, I placed 
a film symmetrically with respect to the open ends of two resonance 
boxes belonging to forks forming consonant intervals with each 
other. By exciting either fork separately a steady figure wa 
obtained, but the coexistence of their sounds caused an immediate 
tumultuous movement from which no permanent joint form emerged. 
There seemed to be an absolute incompatibility between the two 
figures which made all compromise impossible. Desirous of ascet- } 
taining whether this repugnance extended to the case of sounds _all 
but identical in pitch, I used a pair of unison forks, one of which had 
been slightly flattened so as to beat about twice per second with ifs 
fellow. Some very interesting phenomena were the result. The fixed 
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portions of the approximately identical figures due to either fork by 
itself, took up, while both were sounding, a swaying movement about 
their mean position; one complete oscillation of figure synchronizing 


‘exactly with each beat* heard. The resonance-boxes had, in this expe- 


riment, been placed with their openings exactly opposite each other, 
and the film, which was rectangular in shape, midway between, but in 
a horizontal plane slightly above them. The swaying motion was, under 
these circumstances, on the whole rectilinear, as though each fork 
alternately gave the entire figure a pull in its own direction. The 
behaviour of the vortices was still more remarkable. With vigorous 
and equal bowing they rotated.several times in one direction during 
the first half of each beat, and the same number of times in the 
opposite direction during the second half of it. If, instead of occupy- 
ing the relative positions above described, in which the forks when 
sounding singly gave rise to antagonistic vortices, they were both 
placed on one side of the film, the result was rotation during one half- 
beat and inaction during the next, followed again by similar alterna- 
tions, but the direction of rotation remaining constant throughout. 
In this case the vortices moved most rapidly during the maximum 
and rested during the minimum of intensity. But in others it was 
not so, and I even observed instances where in one part of the figure 
the rotation coincided with the maximum and the quiescence with the _ 
minimum, while at another part of it the exactly contrary state of 
things prevailed. ss 
In every experiment hitherto described the film was either acted on 
by the resonance of a spherical air-cavity, which practically reinforces 


~ only the fundamental tone of a compound sound in unison with it ; or 


else the vibrations employed were exclusively those of a mounted 
tuning-fork which follow the pendulum law. Hence no other kind of 
movement was transmitted save that which gives rise to what Helm- 
holtz calls a “ simple tone.” In order to examine the effects produced 
by composite sounds, it was desirable to let their vibrations act on a 
film unconnected with any resonant cavity. For this purpose one end 
of acaoutchouc tube of large bore was fitted into a metal ring fixed ina 
horizontal plane on which the film-bearing discs could be placed. Notes 
of the human voice, of tuning forks, organ pipes, &c., being sounded 
into the tube, either direct] y or through a funnel in the shape of an 


_ ordinary ear-trumpet, their effects on films of various forms and sizes 


could be conveniently observed. A very wide field for research was 
thus opened up, which I do not propose to enter upon here beyond 
simply mentioning one result obtained in this manner which possesses 
én independent interest. When two notes, identical in pitch and 


* The absence of an English equivalent for the German Schwebung, which denotes 
the whole phenomena from one maximum of intensity (Schlag) to the next, is most 
inconvenient, and makes itself very perceptible here. 
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loudness, but differing markedly in what is called quality or timby 
were alternately sounded, two perfectly distinct figures were obtaine 

each presenting itself again and again for many alternations th 
instant its own note was sounded, and remaining constant until thy 
note ceased. By this apparatus, therefore, permanent pictures of th 
relative quality of musical sounds may be secured. 

I content myself here with a description of the phenomena I hay 
observed, and make no attempt at determining the mechanical confi 
tions under which they occur. It may, however, be worth while to 
remark that the most striking feature of the figures above described, 
the vortices, can be exactly reproduced with the caoutchouc tak 
apparatus by gently sucking a little air through it, taking care that the 
whole opening of the tube is not in simultaneous contact with the lip, 
and that its other end is not completely closed by the disc and film. 

Before concluding I wish to draw attention to some allied phe 
nomena described by Mr. E. B. Tylor in “ Nature,’ for May, 187, 
p. 12. Distinct patterns were obtained by him, but it wonld 
appear from the directions he gives for producing “a film more free 
from interference-colours, so as to display the vibration-figures on a 
almost clear ground”’ that no permanent colour-patterns are in que 
tion in his letter. He speaks indeed of “the gorgeous scenic effect of 
the masses of prismatic colour whirled hither and thither by the 
musical vibrations,” but of nothing more fixed and regular. The 
mode of experimenting adopted by him on that occasion suggested the 
third form of apparatus described in the present paper. _ 


| February 7, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President, in the Chair. 


The Presents received were laid on the table and thanks ordered for 
them. 


The following Papers were read :— 


I. “On the Comparison of the Standard Barometers of the 
- Royal Observatory, Greenwich, and the Kew Observatory. 
By G. M. Wurepte, B.Sc., Superintendent of the Kew Ob 
servatory. Communicated by order of the Kew Committee, 


Warren De La Rug, F.R.S., Vice-Chairman. _ Received 
November 26, 1877. ; 


The Standard Barometers of these two important establishments, Up 
to within a recent date, had never been compared directly, although 
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from time to time indirect comparisons have been made by persons not 
connected officially with either. 

- Attention has recently been drawn to the subject by the publication 
ofa memoir by Dr. H. Wild, Director of the Central Physical Observa- 
tory, St. Petersburgh, entitled ‘‘ Ueber normal-Barometer und ihrer 
Vergleichung,” in which the author states (p. 100) that the standard 
barometer of the Royal Observatory reads 0°465 m.m., or 0°018 inch 
Slower than that of the Kew Observatory, arriving at that conclusion 
by means of somewhat circuitous comparisons. Professor Mohn, of 
Christiania, in 1876, writes also that he finds the difference Kew — 
Greenwich to be + 0°49 m.m., or + 0°019 inch. 

In 1869 the late Colonel Strange made a comparison between the 
two standards by means of a barometer which he had conveyed from 
the one observatory to the other, the results of which are stated by him 
to be as follows :— 


By comparison No. 1 Greenwich lower.than Kew 0:009 inch. 
” 2 0:006 99. 
99 9 3 99 99 (004, 99 


In consequence of these statements the Kew Committee made appli- 
cation to the Astronomer Royal for permission to make a direct com- 
parison between the two instruments, and received from him a courteous 
consent to their proposition. | 

Accordingly, having selected four barometers—Adie 655, Adie 657, 
Negretti and Zambra and Negretti and Zambra all standards 
on the Fortin principle—as suitable instruments for the purpose, I 
| made arrangements to convey them to Greenwich and back safely in a 
carriage. 

On April 23rd, 1877, Mr. Baker and I made a set of observations 
of the two large Kew standards, constructed by the late Mr. Welsh ; 
Newman 34 [the working standard of the Observatory], Adie 655 and 
Adie 657, and subsequently of Newman 34, and the two Negretti and 
Zambra standards. : 

The latter we also compared again on the morning of the 24th, 
before starting for Greenwich. 

_ Having carefully packed the instruments, accompanied by an assist- 
ant, I went to the Royal Observatory, and there suspended the 
barometers in the large room of the Magnetic Observatory, facing and 
about eight feet distant from the standard barometer (Newman 64). 

After leaving the instruments about an hour, in order that they 
might assume the correct temperature of the room, which did not 
differ greatly from that of the external air at the time, we made a set 
of twelve readings of all the four instruments and of the Greenwich 
standard, myself and the assistant reading them alternately, the tem- 
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perature of each barometer being also noted by the observer at thy 
time of observation. | 

On the 25th’and 26th of April Messrs. Ellis, Nash, and other Greg, 
wich observers made a set of nine comparisons, and on the latter dy 
Messrs. Baker and Foster, two Kew observers, went to Greenwich an 
made twelve comparisons of the five instruments, and then dismounted 
packed, and brought them back to the Kew Observatory, again sup 
pending them in their places. 

On April 27th the four hack barometers (to use a term happily 
suggested by Mr. Galton) were again read twelve times with the Ker 
standard of reference barometer, Newman 34, by the same three Key 
observers. The result of this set of comparisons shows the mem 
difference between Kew and Greenwich to have been (Greenwich- 
Kew) = + ‘0016 inch. 


2nd 


The four hack barometers were again on the Ist of May cou 
at Kew with Newman 34, and then conveyed to Greenwich, wher 
they were put up in the same place as before, and read again ins 
similar manner to that employed on the occasion of the previous 
visit. 

On the 1st the Kew assistants made twelve sets of readings ; on the 
2nd and 3rd the Greenwich observers made twelve sets of comparisons 
On the 4th we made a like number of sets, returning the instruments 
subsequently to Kew, where they were read on the oth with the Ker 
standard of reference. t 

The result of the second series of comparisons gives a mean dit 
ference (Greenwich — Kew) + 0°0007 inch. 


I 
I 
3rd Comparison. : 


Before making this comparison the tube of Adie 655 was accidentally 
broken, and having been repaired and refilled, its index error wa 
somewhat changed ; also barometers Negretti and Zambraz and Bi 
having been removed from the Observatory by the other 
instruments, .also by Negretti and Zambra, Nos. { 903 and [110 
were selected with which to make the comparisons. 

On the 14th May these four barometers were all compared ten timé 
with the Kew barometer (Newman 34), the observers being the sail 
as before. 

The next day they were taken to Greenwich, and hung up in the 
usual place. Due time having been allowed for them to becom 
settled, and the temperature equalised, ten sets of readings were mae 
precisely in a similar manner to the previous ones. 
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On the 16th the Greenwich observers made eight sets of readings, 
on the 17th seven sets, and on the morning of the 18th two sets. 

Later on the same day Messrs. Baker and Foster made twelve sets, 
carrying the barometers again back to Kew, where, on the 19th, twelve 
sets of observations were finally taken. — | | 

On the 23rd the Kew barometer (Newman 34) was again compared 
with the two Normal barometers of the Observatory, and its correction 


i found to be — 0°007 inch, the same as determined on April 23rd. 


The readings at Greenwich on the 17th May were taken at a time 
when the pressure was rapidly falling, and a storm passing over the ~ 
Observatory; and on the 18th its effect had not completely passed off, 
the wind being high and the temperature changing somewhat quickly. 

The observations made on these two days were discordant from 
these causes, and have therefore been left out of the comparison, and 
the result of the third series of observations gives the difference 
(Greenwich — Kew) + 0:0014 inch. | 

We then have the following determinations :— 


Mean difference from Ist series of 128 comparisons + 0°0016 inch. 
” ” 9 2nd 144 0°0007 
» 72 »  +0°0014 ,, 
Final mean of 344 ie +0°0012 ,, 


This value is unchanged if we weight the determinations propor- 
tionally. 

A correction of — 0°006 inch has been applied throughout to the 
readings of the Greenwich standard ; this correction having been made 
by the Astronomer Royal to all the readings of that instrument since 
August 30th, 1866 (when the long sliding rod, after removal, was re- 
Placed), to make them accord with the old Royal Society standard’s 
indications. | 

Throughout the observations the temperatures of all the portable 
barometers were observed by means of thermometers fixed to the 
middle of their brass tubes, having the bulbs in immediate contact 
with the mercurial column. 

The errors of these thermometers were all carefully determined at 
Kew, and every reading has been corrected to the Kew standard. 

The Greenwich standard barometer is provided with two thermo- 
meters—a large one with a bulb approximately of the same diameter 
as the barometrical column, and placed about half way up, but ata 
distance of 1:25 inches in front of it—and a small thermometer not 


| divided on its stem, whose bulb is immersed in the cistern of the 


barometer itself. | 
The readings of the latter instrament do not admit of great exacti- 
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tude, and therefore have not been considered in the discussion, althong 
they were made. 

As the position of the Greenwich standard barometer precludes i 
being read by daylight, two gas burners are-used to illuminate it (ay o 
the time of observation, one being fixed at the level of the pointeraiy a 
the cistern, the other at the barometric height. The flame of they h 
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burners is raised only at the instant of observation. 

The gas lights being immediately behind the barometer, wi 
distant about six inches, somewhat heat it, and it was thought tha 
probably the thermometer in front of the instrument might noi fim | 
_ perhaps, indicate the true temperature of the mercurial column ani t 
scale. 

With a view to determine the amount of this heating effect, m é 
October 8th I took six standard thermometers to Greenwich, and, é 
attaching them to the barometer in close contact with the tube an 
scale, three in front and three behind, made a series of observations in 
order to investigate approximately the distribution of temperatan 
throughout the instrument. 

This was found to be as follows when the gas burners 1 were turned 
low, as in their ordinary condition. | 1 


Mean of Lower thermometers. . 
Whole = 61°:06 

,», - Greenwich attached thermometer 61° 42 
Correction for Index error —0°90 .. = 60°52 


Mean of Greenwich cistern thermometer... 
When, however, the gas burners were turned on full, the tm 
perature of the upper part of the barometer became much increase 
a rise of 7°1° taking place in five minutes, whilst the thermomel#t 
attached to the barometer was only affected to the extent of 0°8. 
Great care. was exercised in turning down the lights immediately 
after reading during the periods of comparison, so that it is assumed 
that no instance of such a great irregularity in the distribution @ 
temperature ever occurred. 

As from the table it appears that the temperature indicated by te 
barometer’s attached thermometer was probably 0°5 lower than thé 
average temperature of the air surrounding the instrument, a corte 
tion of — 0°'4 has been applied to its readings instead of — 0°°9, the 
true correction for index error as determined by Mr. Ellis by diret 
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comparison with the Kew standard thermometer No. 515, the property 
of the Royal Observatory. 

If the readings of the thermometer be corrected for index errors 
only, as is the case under ordinary circumstances when observations 
are made, the difference between the Greenwich and Kew standard 
barometers is reduced by the amount of (0°°5 X 0°0027 =) ‘0013 inch, 
and the two barometers differ only by the amount — 0°0001 inch, that. 
is to say they virtually agree. 

In conclusion I would beg to express my thanks to the Astronomer 
Royal and Messrs. Ellis and Nash for the courteous manner in which 
they afforded us every fatfity and assistance in carrying out these 
comparisons, and to Messrs. Baker, Foster, and Constable for the 
assistance they have given in the reduction of the observations, as well 
as in the actual comparisons. — 

The tables containing the detailed observations are preserved at the 
Kew Observatory for reference. _ 

Nore.—Since the effect of the gas burners upon the Greenwich 
barometer has had attention called to it, Mr. Ellis has fitted opal 
glass screens between the gas-jets and the barometer. By this means 
the temperature is rendered much more equable round the instrument. 


II. “On the Diurnal Range of the Magnetic Declination as re- 
corded at the Trevandrum Observatory.” By BALFOUR 
STEWART, LL.D., F.R.S., Professor of Natural Philosophy 


at Owens College, Manchester. Received November 238, 
1877. 


1. The Observatory at Trevandrum was supported by His Highness 
the Rajah of Travancore, and its Director was Mr. J. A. Broun, F.R.S., 
who has recently published the first volume of the results of his 
labours, giving the individual observations of magnetic declination, 
and deducing from them conclusions of great scientific value. 

Among the other results published by Mr. Broun, are the diurnal 
ranges of the magnetic declination at Trevandrum, for each civil day 
in the eleven years, 1854 to 1864. (Table LVIII, page 163.) 

In one respect the treatment of the declination observations at Tre- 
vandrum differs from that pursued at the Kew Observatory, inasmuch 
a8 in the former place, where disturbances are little felt, the diurnal 
ranges are from all the observations. 


’, ntl geographical position of the Trevandram Observatory was as 
ollows :-— 


Latitude, 8° 30’ 32" N. 
Longitude, 5h. 7m. 59s. E. of Greenwich. 
A. Annual Variation of Declination-Range. 


2. The following table exhibits mean monthly results of the decli- 
VOL, XXVII, G 
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nation-range, corresponding to 48 points in the year, the whole 
of eleven years being taken. 


TasLE I.—Containing monthly means (48 to the year) of the dium 
declination-range, thus:—January (0) denotes the monthly mg 
of which the middle date is the very commencement of the yey, 
January (1) that of which the middle date is one quarter-month af 
the commencement, and so on:— 


Series Series 

Date. 1854-64. 1854-64, Re 

de 

wi 
January (0)...... 2°97 July (0) . 3°46 

(2). 3°37 of 

February (0) ...... 286 | August 3°60 

March (0)...... 2°29 | September (0) ....| 4°15 tl 

April 206 | October (0) .... 2°73 
May ne 2°87 November ae 2°35 

June 329 | December 3°07 


3. It will be noticed from this table that the annual variation d 
the declination-range at Trevandrum is very different in characie! 
from its annual variation at the Kew Observatory. 

The chief feature of the annual variation at Kew is the small vale 
of the range at the time of the winter solstice. 

On the other hand, the chief features of the annual variation d 
declination-range at Trevandrum are two minima, nearly correspon 
ing in time to the two equinoxes, and two maxima, one large, sol 
time in August (after the summer solstice) and a smaller one abot 
the time of the winter solstice. These features have been alrea(] 
remarked by Mr. Broun, who has likewise pointed out that i 
character of ‘the diurnal variation of the declination at the sum 
solstice is at Trevandrum the opposite of its character at the winl# 
solstice—the change from the one type to the other taking place abotl 
the equinoxes. He has likewise pointed out, as a result of tis 
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change of type, that about the times of the equinoxes there is not 
only a small average value of the range, but likewise an uncertainty 
about its character, as it sometimes appears to be of the one type and 


| at other times changes to the other type. | 

B. Variations of Long Period. 

‘4, In order to investigate the long-period variation of the Trevan- 
drum declination-range, I have treated these observations precisely in 
the way in which the Kew declination-ranges were treated (Proc. 
Roy. Soc., March 22,1877). By this method proportional values of the 
declination-range at Trevandrum have been obtained corresponding to 
weekly points for each year, and it is believed that these values are 
freed from any recognised inequality depending either on the month 
of the year or on the relative position of the sun and moon. If this 
method should be found to furnish nearly the same results in the case 
of two observatories so widely apart as Kew and Trevandrum, and 
with such marked differences in the annual variation of the declina- 
tion-range, we may conclude that this separation of inequalities has 
been successfully accomplished. The proportional values of the 
Trevandrum declination-range are given in Table IT. 


II.—Exhibiting monthly means of declination-range for weekly 
points, the mean value of the range for the whole series for each 
point being reckoned = 1,000. 


(The date of the first point for each year is given.) 


| . | 1855. | 1856. | 1857. | 1858. | 1859. | 1860. | 1861. | 1862. | 1863. | 1864. 

Jan. 4 Jan. 3./Jan. 2.)Jan. 7.\Jan. 6.|Jan. 5.\Jan. 4.\Jan. 2.|Jan. 7.|Jan. 6. 
876 805 873 | 1163 | 1126 | 1166 945 | 1093 | 1132 844 
888 | 832 891 | 1118 | 1132 | 1099 889 | 1075 | 1122 | 890 
915 | 917 918 | 1113 | 1128 | 1094 | 908 | 1014/1189] 910] 
909 | 976 896 | 1062 992 | 1120 | 9831 959 | 1260 981 
942 | 1000 928 | 988 | 1012 | 1113 846 | 998 | 1204 | 1054 
955 946 978 | 1050 | 1005 | 1157 854 947 | 1120 | 1076 
894, 853 989 999 | 1110 | 1203 823 | 1011 | 1026 | 1089 
922 765 928 | 1007 | 1183 | 1292 951 | 1056 | 1010 958 
907 707 890 | 1094 | 1157 | 1411 | 1080 | 1050 990 889 
895 694 786 | 1095 | 1221 | 1367 | 1060 | 1080 | 1074 796 
931 733 764 | 1098 | 1116 | 1416 | 1066 | 1037 | 1107 806 
929 767 789 | 1083 | 1064 | 1454 986 | 1031 939 945 
978 802 | 761 | 1160 | 1105 | 1290 981 971 962 967 
955 | 850| 779 {1111 | 109411406 | 996| 977 919 | 948 
934 | 829 804, | 1124 | 1206 | 1288 925 952 990 | 922 
983 764 877 | 1033 | 1291 | 1206 | 903 974 | 1030 915 
935 707 |. 1027 960 | 1283 | 1219 945 981 | 1023 920 
940 | 669 | 1053 | 1018 | 1289 | 1155 | 895] 916] 1074] 928 
949 | 683 | 1053 | 992 | 1177 | 1185 932 | 951; 1040; 982. 
873 731 992 | 1069 | 1117 | 1189 985 942 | 1079 | 1025. 
895 | 748 | 877! 1015 | 1099 | 1205 965 | 1021 | 1068 | 1098 
878 755 856 | 970 |-1147 | 1181 | 1031 | 1091 | 1036 | 1137 
882 755 805 | 953 | 1130 | 1175 | 1096 | 1098 | 1021 | 1143 
918 780 827 | .962 | 1096 | 1183 | 1111 | 1099 975 | 1088 
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| 1854. | 1855. | 1856. | 1857. | 1858. | 1859, | 1860. | 1861. | 1862. | 1863. 
\Jan. 4.\Jan. 3. Jan. 2.J\Jan. 7.\Jan. 6.\Jan. 5.|\Jan. 4./Jan. 2.\Jan. 1.jJan. 7. 


951 | 924| 837] 790] 1012 | 1106 | 1220 | 1076 | 1103 
993 | 884| 842] 816] 1030 | 1079 | 1197 | 1071 | 1069 | 1017 
970 | 826| 828 | 857 | 1036 | 1106 | 1176 | 1123 | 1034 | 1103 
932 | 840| 826 | 845 | 1096 | 1112 | 1175 | 1086 1010 | 1114 
923 |. 852 | 855 | 921 | 1041 | 1123 | 1117 | 1135 | 981 | 1085 
g90 | 872| 892] 846 | 1060 | 1039 | 1212 | 1219 | 948 
sss | 883 | 810| 1108 | 946 | 1410 | 1152] 917 
890 | 848] 919 | 866] 1053 | 965 | 1485 | 1169 | 886 
883 | 866 | 813 | 1041 | 1046 | 1469 | 1251 | 881. 
g32 | 859 | 882 | 1017 | 1204 | 1473 | 1178 910 
877 | 900] 864] 968| 919 | 1290 | 1822 | 1129| 958 
894 | 940| 1051 | 881 | 1328 | 1195 | 1178 | 921 
927 | 926| 833 | 1160] 900 | 1221 | 1177 | 1145 | 902 
1016 | 974 | 1189] 890] 1117] 1144] 1139] 918 
950 | 914 | 809 1118 | 919 | 1147 | 1184 | 1201 | 966 
943 | 870] 756| 977] 910 | 1251 | 1168 | 1165 | 1094 
916 | 877| 806| 852] 923 | 1339 | 1148 | 1081 | 1144 
885 | 856| 796 | 852] 1054 | 1311 | 1032 | 1141 | 1149 
949 | 813 | 812 | 901 | 1117 | 1260 | 1023 | 1091 | 1072 
946 | 757 | 837 | 927 | 1235 | 1178 | 1018 | 1058 | 1048 
987 | 715 | 857 | 966 | 1308 | 1119 | 1034 | 1102 | 1043 
a 986 | 740] 880-| 905 | 1168 | 1171 | 1098 | 1002 | 1107 
988 | 749| 983 | 846] 1147 | 1104 | 1159 | 992 | 1163 
990 | 713} 991 | 858 | 1044 | 1269 | 1118 | 1033 | 1129 
919 | 986| 989] 955 | 1386.| 1053 | 1019 | 1086 
896 | 950 | 1031 | 983 | 1353 | 1007 | 1094 | 1057 
854 | 702 | 872] 1159| 971 | 1377 984 | 1141 | 1076 
869 | 768 | 851 | 1211 | 1142 | 1160 | 867 | 1151 | 1054 
865 1088 


5. The numbers of Table II have next bees dealt with preci : 
the way in which the corresponding numbers were dealt with i 
case of the Kew Observatory, that is to say, a set of nine-monthly ¥ 
of declination-range have been obtained corresponding to similar 


monthly values of spotted solar area. These are exhibited i 
following tables. | 


Taste IlI.—Declination-Range, Nine-Monthly Values. 


1854.] 1855, 1856,| 1857.| 1858.| 1859.| 1860.| 1861.| 1862.| 


Jan, (2)| .. | 930] 798 | 882 | 1038 | 1095 | 1239 | 1000 | 1044 | 1060. 
Feb, (2)| .. | 924] 783 | 889 | 1025 | 1117 | 1285 | 988 | 1034 | 10700 
Mar. (2)| .. | 916 | 789 | 888 | 1039 | 1118 | 1232 | 993 | 1027 | 1060. 


April (2) | .. | 903 | 806 | 881 | 1052 | 1112 | 1245 | 1009 | 1011 | 104m 
May (2) | 956 | 904 | 814 | 889 | 1038 | 1128 | 1252 | 1032 | 995 | 101 
June (2) | 952 | 900 | 805 | 903 | 1023 | 1146 | 1247 | 1062 | 998 


July (2) | 953 | 883 | 813 | 905 | 1029 | 1158 | 1222 | 1074 | 1006 
Aug. (2) | 948 | 858 | 830 | 924 | 1029 | 1172 | 1182 | 1085 | 1017 
Sept. (2) | 934 | 845 | 849 | 946 | 1032 | 1169 | 1146 | 1100 | 1037 
Oct. 2 925 | 841 | 870 | 964.) 1041 | 1173 | 1109 | 1098 | 1049 | . 

920 | 829 | 875 | 993 | 1056 | 1203 | 1087 | 1091 | 1046 
Dee. (2) | 925 | 819 | 866 |1022 | 1066 | 1286 | 1048 1068 | 1052 
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Declination at Trevandrum. 


I. Solar spotted Area. 
II. Kew Declination-Range. 
III. Trevandrum Declination- Range. 
IV. Mean of (II) and (IIT). 
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TABLE IV.—Spotted Solar Areas, Nine-Monthly Values. 


1853. 1854. 1855. | 1856. 1857, : 
January (2)...... 475 214 170 87* 
Februury (2)......| 490 173 155 17 101 
March (2)...... 475° 141 138 16 117 {| 
April 126 112 21 144 
May (2)....0.| 438 127 83 27 182 | 
July 486 140 20 26 235 
August (2)...... 390 147 15 32 287 
September (2)...... 353 165 15 40 350 
October (2)......| 318 191 15 44 400 
November (2)....:.. 283 | 193 16 51 450 
December 182 17 70 479 


6. The results of Tables III and IV are exhibited in the singe 
which accompanies this paper. 

In fig. 1 we have a curve representing the nine-monthly values of 
spotted area. 

In fig. 2 we have the Kew and in fig. 3 the Tsivendians declins 
tion curve represented by nine-monthly values of .the proportiae 
numbers. 

In fig. 4 we have a curve representing the mean between the ba 
portional numbers of Kew and those of Trevandrum. 

From these figures it will be seen that a lagging behind the sm 
is a feature both of the Kew and the Trevandrum curves, whil 

- generally the prominent points in the Kew and Trevandrum curve 
agree well together in point of time. 

On the whole it would appear that by taking the mean of the pre 
portional numbers for the two stations, we get a curve that represents 
the solar curve better than one derived from a single station. 

The whole period compared together represents both for the solat 
curve (fig. 1) and the mean curve (fig. 4), a series of three smaller 
periods, one extending from B to C and embracing the maximum; 
another extending from C to c, and a third from c to e; and this is# 
far as the observations common to both stations allow us to. go in 
point of time. 

7. It may be of interest to compare, by means of the tables, the period 
between the solar minimum of 1855 and that of 1867, with the period 
between the corresponding declination-range minima. The first of thes 
declination minima occurred at Trevandrum (the Kew observation 
Bie having then begun) on plcskons 15, 1856, and the second | ¢ 


_# The numbers for the years 1858-64 are given in Proceedings of Royal Soci 
March 22, 1877, page 109. 
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them occurred at Kew (the Trevandrum observations having been 


discontinued) on August 15, 1867. The period is thus one of eleven 


years and six months. 

On the other hand, the sun-spot period is that between September 
15, 1855, and March 15, 1867, being likewise eleven years and six 
months. 


C. Variations which seem to depend on Planetary Configurations. 


8. In a paper on the Kew declination-range already alluded to, it 
was shown that the planetary periods of most frequent occurrence ~ 
appear to be well indicated by the results of sixteen years’ observa- 
tions. Indeed, for the two periods of shortest length—that of 
Mercury about the sun, and that of Mercury and Jupiter, it was found 
that half of the observations gave a result of the same character as 
the whole sixteen years. 

From this we might conclude that inane periods will probably (it 
they have a real existence) be indicated by the Trevandrum observa- 
tions. 

It will be seen from the following tables that the vetniblivain 
declination-ranges give results for these two planetary periods very 
similar to those given by the Kew observations. — 


Tints V.—Period of Mercury about the Sun. 
(0° denoting Perihelion—65 sets for Kew—47 for Trevandrum.) 


Kew. Trevandrum. 


' Between O and _ 30 +429 +263 
60 +433 +223 
90 +256 +237 
+ 9d +300 
— 280 +150 
i. —439 —433 
isp... — 413 —879 
99 —27Y —740 
—140 — 263 
370 + 13 + 333 
‘i +158 + 680 
” 330 360 +278 
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V1I.—Period of Conjunction of Mercury and Jupiter. 
(0° denoting Conjunction—63 sets for Kew—43 sets for Trevandrum) 


Kew. Trevandrum. 

Between 0 and 30 +633 +453 
60 +749 +270 
Oy 4s 90 +652 +129 
+328 —118 
—119 — 384, 
— 504 — 467 
—678 —487 
210 , 240 —677 
240 , -270 — 548 — 122 
—322 +223 
300 380 — 10 +415 
330 +360 +343 +503 


I desire, in conclusion, to thank Mr. William Dodgson, who has 
given me much assistance in the calculations and diagrams of this 


III. “ Note on the Value of Euler’s Constant; likewise on the 
Values of the Napierian Logarithms of 2, 3, 5, 7, and 10, 
and of the Modulus of common Logarithms, all carried t 
260 places of Decimals.” By Professor J. C. ADAMS, M.A, 
F.R.S. Received December 6, 1877. 


In the ‘ Proceedings of the Royal Society,” vol. xix, pp. 521, 522, 
Mr. Glaisher has given the values of the logarithms of 2, 3, 5, and 10, 
and of Euler’s constant to 100 places of decimals, in correction of 
some previous results given by Mr. Shanks. 

In vol. xx, pp. 28 and 31, Mr. Shanks gives the ‘results of his 
re-calculation of the above-mentioned logarithms and of the modulus 
of common logarithms to 205 places, and of Euler’s constant to 110 Hi 
places of decimals. 

Having calculated the value of 31 Bernoulli’s numbers, in additio 
to the 31 previously known, I was induced to carry the approximation 
to Euler’s constant to a much greater extent than had been before 
practicable. For this purpose I likewise re-calculated the values of the 
above-mentioned logarithms, and found the sum of the reciprocals @ 
the first 500 and of the first 1000 integers, all to upwards of. 260 
places of decimals. I also found two independent relations betwee 


the logarithms just mentioned and the logarithm of 7, which furnished 
a test of the accuracy of the work. 
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On comparing my results with those of Mr. Shanks, I found that 
the latter were all affected by an error in the 103rd and 104th places 
of decimals, in consequence of an error in the 104th place in the deter- 


mination of log 7 With this exception, the logarithms given by 


Mr. Shanks were found to be correct to 202 places of decimals. 

The error in the determination of log. 10, of course entirely vitiated 
Mr. Shanks’ value of the modulus from the 103rd place onwards. As 
he gives the complete remainder, however, after the division by his 
value of log, 10, 1 was enabled readily to find the correction to be 
applied to the erroneous value of the modulus. Afterwards I tested 


_ the accuracy of the entire work by mainly ag the corrected modulus 


by my value of log. 10. 

Mr. Shanks’ values of the sum of the reciprocals of the first 500 
and of the first 1000 integers, as well as his value of Euler’s constant, 
were found to be incorrect from the 102nd place onwards. 

Let S,, or S simply, when we are concerned with a given value of n, 


denote the sum of the harmonic series, 


Also let R,, or R simply, denote the value of the semi-convergent 
series, 
B, 3B, Bs 
where B,, B;, B;, &c., are the successive Bernoulli’s numbers. 
Then if Euler’s constant be denoted by E, we shall have 


+ 


E=S,+R,—2 
and the error committed by stopping at any term in the convergent 
part of R, will be less than the value of the next term of the series. 

I have calculated accurately the values of the Bernoulli’s numbers 
as far as B,., and approximately as far as B,, retaining a number of 
significant figures varying from 35 to 20. 

When »=1000, the employment of the numbers up to Bg, suffices to 
give the value of Rio to 265 places of decimals. When n=500, it is 
necessary to employ the approximate values up to B,, in order to 
determine Ry with an equal degree of exactness. 

In order to reduce as much as possible the number of quantities 
which must be added together to find Syo and Sic, I have resolved the 
reciprocal of every integer up to 1000 into fractions whose denomina- 
tors are primes or powers of primes. 

Thus Sy and Sj may be expressed by means of such eee 
and by adding or subtracting one or more integers, each of these 
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fractions may be reduced to a positive proper fraction, the value if 
which in decimals may be taken from Gauss’ Table, in the seconj 


volume of his collected works, or calculated independently. 
Thus I have found that :— 


+ + + tor + 108 +178 + 179 
97 98 100.101 107, 118, 118, 18 


+ 193 + 197 + 199 + + 223 + + 229 233 
122 


| 
+ (the sum of the reciprocals of the primes from 251 to 499) — 19. 
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Similarly | have found that :— 


stm tatatat ata 


261 54 266 57 170°.) i766 
311 313 317 331 337 347 349 353 + 359 367 


- 188 191 193 196 200 .202 206 211 212 217 


378 + 379 + 363 389 t 307 t+ t 219 

218 221 223 226 230 232 285 
433 439 443 + + 457 + + 463 467 + 479 487 
+ i 


+ (the sum of the reciprocals of the primes from 503 to 997) — 48. 


| 
949 1230 3 86 205 58 3 
Sso = 956 + a1 + 5+ 343 t 289 301 + a3 
949 310 62 35 | 300 726 
579 + 799 + Gas + 343 Tai + + + 509 t 
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This mode of finding Sy and So is attended with the advantage 
that if an error were made in the calculation of the former of these 
quantities, it would not affect the latter. 

The logarithms required have been found in the following manner :— 


25 81 
Let log log log log and log =e. 


Then we have 
log 2=7a—2b+ 3c, log 3=1la—3b + 5c, log 5=16a—4b + 7c. 
Also log (39a—10b+17c—d) ; 
or again, log 7=19a—4b+8c+e, 
and we have the equation of condition, one 
a—2b+c=d+2¢, 


which supplies a sufficient test of the accuracy of the calculations by 
which a, b, c, d, and e have been found. | 


1 
Since io = (1-35) 


log 57 = —log ( 1-755) 
log = log (2 + 
50 2 


126 8 
log (143555) 
If we have settled beforehand on the number of decimal places which 
we wish to retain, and have already formed the decimal values of the 
reciprocals of the successive integers to the extent required, then the 
formation of the values of a, b, c, d, and e, will only involve operations 
which, though numerous, are of extreme simplicity. 
In this way have been found the following results :— 


Log 10+9== °10536 05156 57826 30122 75009 80889 81279 88061 20372 98327 
40725 68939 23369 25840 23240 138454 64887 65695 46213 41207 
66027 72591 03705 17148 67351 70132 21767 11456 06836 27564 
22686 82765 81669 95879 19464 85052 49713 75112 78720 90836 
46758 73554 69083 76623 27864 87959 35888 39553 19538 32230 
68063 73738 05700 38668 65 


Log 25--24== 04082 19945 20255 12955 45770 65155 31987 01772 11747 63352 
02297 28561 42083 06828 16287 62241 55690 62020 38337 10701 
85958 18891 57612 02856 02344 55254 44440 90711 64191 09254 
90615 87090 13793 32687 08185 56690 89768 86470 69797 42768 
97243 12354 16791 64980 38118 36535 86811 73829 09883 64151 
16223 48183 67972 69296 


of 
nd 
8 
1] 
19 ‘ 
O08 | + 
49 100 
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= 81 +80 °01242 25199 98557 15331 12931 28681 2089) 67628 60339 581g 

90685 43409 40510 22236 97287 99924 04408 75833 17607 38994 
| 83907 88915 98331 57135 00593 07313 64880 85644 69078 590% 
10006 71375.61155 92285 64823 02773 78467 95356 20678 2067 
56121 24774 48623 61600 82118 41837 57253 44313 78157 49027 
60627 91715 42041 36587 2 


tne 50--49== ‘02020 27073 17519 44840 80453 01024 19288 78525 33383 733% 
83210 27195 49256 65918 71880 87170 92908 14086 00703 4856] 
55810 69865 22995 29709 68602 61790 51909 27000 19877 962% 
68586 52194 37909 61418 83597 32774 05301 16399 74760 65371 
80928 59153 97434 74168 79079 46094 49807 56830 62620 29129 
95963 65850 08854 45 


togiee-+itse 00796 81696 49176 87351 07973 39067 84478 84307 61916 78206 
21803 11515 15228 34251 08036 00862 32503 51700 93221 55597 
11104 32429 31908 69430 97326 52573 22928 44338 63827 3594 
41437 63883 38664 80785 92159 70835 21671 40563 92519 302% 
88730 07233 43319 67047 32333 55315 84852 90164 08154 11413 
00140 51668 01463 4832 


All these are Napierian logarithms. 


The above-mentioned equation of condition is satisfied to 263 places 
of decimals. 


Whence have been deduced the following :— 


Loge 2 = °69314 71805 59945 30941 72321 21458 17656 80755 00134 36025 
52541 20680 00949 33936 21969 69471 56058 63326 99641 86875 
42001 48102 05706 85733 68552 02357 58130 55703 26707 51635 
07596 19307 27570 82837 14351 90307 03862 38916 73471 12335 
01153 64497 95523 91204 75172 68157 49320 66156 52473 41395 
25882 95045 30081 06850 15 


Loge 3 —=1°09861 22886 68109 69139 52452 36922 52570 46474 90557 2274 
94517 34694 33363 74942 93218 60896 68736 15754 81373 20887 
87970 02906 59578 65742 36800 42259 30519 82105 28018 70767 
27741 06031 62769 18338 13671 79373 69884 43609 59903 74257 


03167 95911 52114 55919 17750 67134 70549 40166 77558 02222 
03170 25294 68992 45403 15 | 


Loge 5 = 1 °60943 79124 34100 37460 07593 33226 18763 95256 01354 26851 
77219 12647 89147 41789 87707 65776 46301 33878 09317 96107 
99966 30302 17155 62899 72400 52298 24676 19963 36166 17463 
70572 75521 79637 49718 82456 53492 85620 23415 25057 27015 


51936 00879 77738 97256 88193 54071 27661 54731 22180 95279 
48521 29282 13604 17624 80 


_ 7 =1°94591 01490 55313 30510 53527 48448 17972 96370 84729 58186 
11884 59390 14993 75798 62752 06926 77876 58498 58787 15269 
93061 69420 58511 40911 72375 22576 77786 84314 89580 95163 
90077 59078 24468 10427 47888 82259 34900 84678 74412 50497 


37048 53551 76783 55774 86240 15102 77418 08868 ort 51412 
13480 93879 74210 03537 95 


tin 10== 2 °30258 50929 94045 68401 79914 54684 36420 76011 01488 62877 
29760 33327 90096 75726 09677 35248 02359 97205 08959 82983 
41967 78404 22862 48633 40952 54650 82806 75666 62878 69098 
78168 94829 07208 32555 46808 43799 89482 62331 9858 39350 


58089 65377 73262 88461 63366 22228 76982 19886 74654 36674 
74404 24327 43685 24474 95 ’ 
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M == °43429 44819 03251 82765 11289 18916 60508 22943 97005 80866 
65661 14453 78316 58646 49208 87077 47292 24949 33843 17483 
18706 10674 47663 03733 64167 92871 58963 90656 92210 64662 
81226 58521 27086 56867 03295 93370 86965 88266 88331 16360 
77384 90514 28443 48666 76864 65860 85135 56148 21234 87653 
43543 43573 17247 48049 05993 55353 05 


where M denotes the modulus of common logarithms. 
In these calculations the value of log a has _— determined with 


less accuracy than that of log aor and therefore the value of log 7 


found by means of the latter quantity has been preferred. | 
If now in the formula which gives Euler’s constant we take 
n = 500,.we find the following results : — 


2n 


Rsoo==  *00000 03333 33200 00025 39671 87309 34479 09501 49858 06920 
81561 41982 03143 98353 10049 47690 35814 25947 82825 73530 
80967 33251 23444 83365 27221 32891 79715 39888 78668 70158 
11997 43277 84264 18919 84678 56672 58294 26067 37401 94207 
08483 64907 04495 03811 66583 11699 18899 16275 81704 82573 
08004 99446 91635 


Ssoo== 6°79282 34299 90524 60298 92871 45367 97369 48198 13814 39677 
91166 43088 89685 43566 23790 55049 24576 49403 73586 56039 
17565 98584 37506 59282 23134 68847 97117 15030 24984 83148 
. 07266 84437 10123 70203 14772 22094 00570 47964 42959 21001 
09719 01932 14586 27077 01576 28842 06850 09735 01135 
74118 52998 6631 


Loge 500—= 6°21460 80984 22191 74263 67422 42594 91605 47278 04331 52606 
36739 79303 69340 93242 07062 36272 51021 28288 27237 62074 
83901 87110 62880 60166 54305 61594 90289 71296 61913 55661 . 
26910 65179 94054 14829 26073 41092 64585 48079 22114 05716 
58115 31635 24264 74180 14925 98528 81625 94504 71489 68628 
97329 77937 00975 


E= ‘57721 56649 01532 86060 65120 90082 40243 10421 59335 93992 
35988 05767 23488 48677 26777 66467 09369 47063 29174 67495 
14631 44724 98070 82480 96050 40144 86542 83622 41739 97644 
92353 62535 00333 74293 73377 37673 94279 25952 58247 09491 
60087 35203 94816 56708 53233 15177 66115 28621 19950 15079 
84793 74508 5697 


=0°001 


Again, if in the same formula we take 1 = 1000, we find the fol- 
lowing 
2n 


Riooo== °00000 00833 33325 00000 39682 49801 59487 73237 84632 11743 
88611 32124 18782 98862 06644 51967 06850 04241 14869 65631 
43736 78499 44114 24665 37423 82138 50259 70190 89962 61572 
33894 07843 88131 36054 55889 69002 08034 44545 27898 47738 
31546 74821 27649 54293 18527 10448 88349 55931 43201 82238 
86978 52223 81562 


q 
q 
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748547 08605 50344 91265 65182 04383 90017 65216 79169 
36657 73626 74995 76993 49165 20244 09599 34437 41184 50gh 
96798 01438 22544 03715 81484 21958 84703 40431 40398 48% 
92966 39178 33827 35905 57913 00071 54692 68403 25933 79g, 
87809 56515 86955 67800 24804 71415 08712 32350 00711 42% 
21027 95267 06455 


Loge 1000—= 6°90775 52789 82137 05205 39743 64053 09262 28033 04465 88py 
89280 99983 70290 27178 29032 05744 07079 91615 26879 489% 
25903 35212 68587 45900 22857 63952 48420 26999 88621 07% 
34506 84487 21624 97666 40425 31399 68447 86995 95585 180i] 
59268 96133 19788 65384 90098 66686 30946 — 23963 100% 
23212 72982 31056 


E= °57721 56649 01532 86060 65120 90082 40243 10421 59335 930% 
35988 05767 23488 48677 26777 66467 09369 47063 29174 674; 
14631 44724 98070 82480 96050 40144 86542 83622 41739 9764 
92353 62535 00333 74293 73377 37673 94279 25952 58247 0949] 
60087 35203 94816 56708 53233 15177 66115 28621 19950 150% 
84793 74508 56961 


It will be seen that the two values found for E agree to 263 places 


of devimals, which supplies another independent verification of the 
value obtained for loge 2. 


14, 1878. 
Sir J OSEPH HOOKER, K.C.S.L, ane a in the Chair. 


The Right Hon. William Henry Smith and the Right Hon. Sir 
William Henry Gregory, whose certificates had been suspended as 


required by the Statutes, were balloted for and elected Fellows of the 
Society. 


The Presents RE were laid on the table snd thanks ordered for 
them. 


The following Papers were read :— 


I. “Concerning the Effects on the Heart of Alternate Stimul- 
tion of the Vagi.” By ArtHur M.D., F.RS, 
Brackenbury Professor of Physiology in Owens College, 
and JOHN PRIESTLEY, Assistant Lecturer in Physiology m 
Owens College. Received December 15, 1877. 


In 1869, A. B. Meyer* observed that it was impossible to stop the 
_ heart in dogs and rabbits continuously by stimulation of the vagus 


‘* A. B. Meyer “Das Hemmungsnervensystem des Herzens.” (Abstract by 
Schiffer, Centralblatt,” No. 14, p. 216.) 
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nerve, even when the nerves were alternately stimulated so as to 
relieve one another. | 

In 1875, Tarchanoff and Puelma* stated, ‘ Si l’on excite longtemps 
um des pneumogastriques du chien avec des courants forts jusqu’a 
épuiser complétement son action sur le coeur, ce qui se manifeste par 
le retour de ses battements et si l’on passe immédiatement a Vl excitation 
de Vautre, on n’obtient plus d’arrét du coeur, et méme on n’observe au- 
cune altération de son activité: et pourtant le nerf excité en dernier 
lieu n’est alors, on le congoit, nullement épuisé.” From this experi- 
ment they concluded, ‘“‘ que chacun des pneumogastriques met en jeu 
tout l’appareil modérateur situé dans les parois du coeur; et qu’une 
fois cet appareil épuisé par l’excitation d’un pneumogastrique, il ne 
pent étre mis en activité par l’excitation de l’autre.”’ 

In 1876, Tarchanofff published observations on the frog, in which 
he states that the behaviour of the frog’s heart to vagus-stimula- 
tion is quite different, in respect of the mutual influence of the two 
nerves, from the behaviour of the heart of dogs or rabbits: “J'ai 
yu alors que si l’on attend pour exciter le second pneumogastrique ~ 


que le premier ait été épuisé par |’excitation, l’arrét du coour s’obtient | 


de la fagon la plus‘nette ;” and he concludes “Que chez les mammi- 
féres les deux nerfs aboutissent 4 un appareil modérateur commun, 
tandis que chez la grenouille chaque nerf aboutit 4 un appareil indé- 


pendant.” 


Between the publication of Tarchanoff -and Puelma’s note and the 


_ publication of Tarchanoff’s later observations on the frog, the authors 


of this paper undertook to check Tarchanoff and Puelma’s statement 
respecting mammals, and to extend the method of experiment to frogs. 
In the case of mammals, dogs and rabbits were used. They were 
rendered insensible by chloroform or ether, or subcutaneous injections 
of hydrochlorate of morphia. Their vagi were exposed in the neck 
and divided; and the peripheral ends loosely tied by ligatures. 
Arrangements were made to rapidly shunt an induced, interrupted cur- 
rent from a Du Bois-Reymond’s induction coil, from one vagus into the 
other, the peripheral ends of the nerves being laid over fine platinum 
electrodes for the purpose. In all the experiments save one a Daniell 
cell was used to induce the currents. A cannula was placed in the 
femoral artery (in one case in the carotid artery) and connected with 
a kymograph, which wrote upon a moving sheet of paper. 

In the case of frogs, the brain, and sometimes the spinal cord, were 
destroyed by pithing; a stout glass rod was thrust down the gullet; 


* Jean Tarchanoff et G. Puelma, “ Note sur l’effet de l’excitation alternative des 
deux pneumogastriques sur l’arrét du ceur.” ‘ Archives de Physiologie,” serie II, 
tome IT, 1875. | | 
| t M. de Tarchanoff, “ Innervation de l’apparei! modérateur du coeur chez la Gre- 
nouille.” Marey’s “ Physiologie Expérimentale,” II Année, 1876, p. 289. 
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the vagi were exposed and placed each on a pair of fine platinum ele, 
trodes; and preparations were made for shunting an interrupta 
current, by means of a commutator, from one nerve into the othe 
just as in the case of mammals. Sometimes the heart was watchel 
directly and notes made. At other times care was taken to registe 
the heart’s rate, the lapse of time and the moments of stimulation 


The heart’s rate was indicated by means of Marey’s Myographe & | 


ceur,* the time by an electromagnet and Ludwig’s Unterbrechungsuk, 
and the moments of stimulation by a marking key, each — 4 
pointed lever against a smoked revolving cylinder. 

The general result of the experiments made by the nathors of this 
paper, is the following: In all the animals hitherto examined (vis, 
dogs, rabbits and frogs), if one vagus be stimulated powerfully so as at 
first to arrest the heart, and if after the heart has recommenced t 
contract, the current be at once shunted to the other vagus, arrest again 
occurs: in some cases, however, on again reversing to the vagus firs 
stimulated, no effect is produced. This result may be formulated a 
follows: Stimulation of one vagus never annuls, or even prejudices, 
the inhibiting powers of the other vagus, unless when the inhibiting 
apparatus has been recently under stimulation for some time. It would 
therefore seem that Tarchanoff, in asserting the mutual prejudicial 
action of vagus-stimulations in mammals, and denying it in frogs, has 
missed one half of the truth in the case of the former, and the othe 
half in the case of the latter. 

In illustration of their statement of stale of experiments, the 
authors append a reduced kymographic tracing of a dog. The animal 
was @ young terrier, and the experiment was made in the manne 
above described. The arterial cannula leading to the kymograph was 
introduced into the femoral artery. 

The upper line is the tracing of the kymograph, the middle line is 
the line of no pressure, and the lower line is divided into intervals o 
five seconds. The tracing reads from left to right. Quite at the left 
of the figure a small portion of the normal tracing is represented. 
At 2h. 25m. 1lds., a stimulus was thrown into the left vagus, the 
secondary coil being 6¢.m. from the primary. At once the heart 
stopped and the blood-pressure fell. The heart recommenced, and at 


2h. 25m. 32s. the current was shut. off from the nerve. It remained. 


off about 10 seconds, and at the expiration of that interval the current 
was thrown into the right vagus. Again the heart stopped, andre 
mained motionless until 2h, 26m. 25s., a period of 43 seconds, the 
current, of course, passing the whole of the time. The heart then 
began to beat, and the blood-pressure rose towards the normal rapidly. 
At 2h. 26m. 53s. the current was shunted out of the right vagus into 


the left, the nerve first stimulated, and once more the pulse ceased and 


* See Marey’s “ Physiologie Expérimentale,” IT Année, 1876, p. 70. 
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...uxcitation of left. vagus, 


IT coil at 6 c.m. 
.... Stop exciting. 
..Reversed excitation to 
right vagus. 
Reversed to left vagus. 
..Stop exciting. 
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the pressure fell. At 2h. 27m, 15s. the pressure quickly rose, ng 
withstanding the continued stimulation; until at 2h. 27m. 459 i 
current was broken and the experiment bronght to a close. 

It seems to the authors that the generally accepted theory of & 

- connection of the vagus nerves with a common intermediate apparahy 
is fully competent to cover the facts established by A. B. Mei 
Tarchanoff and Puelma, and themselves. Hach vagus abuts agains 
common nervous apparatus, through which every inhibitory stimnly 
must pass to reach the cardiac muscle. It is only necessary 
suppose—and the supposition, as it will be shown, is not gratuitou- 
that the exhaustibility of the vagi is far greater than that of the cm 
mon mechanism they lead to, in order to gain a consistent viewd 
the facts. When one vagus is stimulated with a strong current, tl 
heart, after a longer or shorter period of diastolic rest, gradually 
escapes from the inhibitory influence of the stimulus. This escap 
must not be supposed to be due to the gradual exhaustion of the whee 
_ inhibiting apparatus, but merely to that of the vagus which is stim 
lated. The heart escapes, not because its guard is enfeebled, but 
cause the warrant for detention miscarries. On shunting the currel 
into the other vagus, the intermediate apparatus is at once roused sil 
the heart stopped. 

So much greater are the enduring powers of the intermediate» 
paratus that, even in the mammal, where, presumedly, they are mo 
easily exhausted than in the ‘frog, the intermediate apparatus seem 
capable of tiring out relay after relay of reinvigorated vagi. Indeal 
it would appear to be next to impossible, by the most careful amt 
judicious alternate stimulation of the vagi, to canse exhaustion of ti 
intermediate apparatus; for, after stimulating the vagi alternately 
few times, the interval during which each vagus can hold the heartil 
check becomes too brief for the recovery of the resting vagus. Never 
theless, when this stage has been reached, it is always possible (in tht 
frog) at once to stop the heart by applying an induced, interrupldl 
current to the sinus venosus, even if the current so applied be weakt 
than that passing previously through the vagus nerves. 

But, although the authors believe that the intermediate apparail 
can, in health, easily wear out the organised attacks of the vag 
particularly in the case of frogs, yet they think it not improbable 
that, in conditions unfavourable to the restorative processes, the i 
termediate apparatus may occasionally succumb to successive vagit 
stimulations, especially in the case of mammals. They are, howevth 
convinced that the latter alternative very rarely occurs. 

The assumption of such enormous powers of endurance for the i 
termediate mechanism is not gratuitous. As long ago as 1869, A} 
Meyer* pointed out that the heart of the frog could be inhibit 

* A.B. Meyer, loc. cit. 
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for hours by carefully applying interrupted currents to the sinus 
venosus; and although the authors of this paper, in repeating the 
experiment, have sometimes failed to inhibit indefinitely—as did also 
Meyer—they have always found it possible to stop the heart for very 
long intervals by stimulating the sinus venosus; even with weaker 
currents'than had just before sufficed to exhaust simultaneously the 


. inhibiting powers of both vagi. 


II. “On Schulze’s Mode of Intercepting the Germinal Matter 
of the Air.” By Joun F.R.S., Professor of 
Natural Philosophy in the Royal Institution. Received 
December 17, 1877. 


‘Tn “ Poggendorf’s Annalen”’ for 1836, Franz Schulze described an 
experiment which has attained considerable celebrity. He placed in a 
flask a mixture of vegetable and animal matters and water; through 
the cork of the flask two glass tubes passed air-tight, each being bent 
at a right angle above the cork. He boiled the infusion; and while 
steam issued from the two glass tubes, he attached to each of them a 
group of Liebig’s bulbs, one group being filled with solution of caustic 
potash, and the other with concentrated sulphuric acid. Applying 
his mouth on the potash side, he sucked air daily through the sul- 
phuric acid into the flask. But, though the process was continued 


from the end of May till the beginning of August, no life appeared. 


In this experiment, the germs diffused in the atmosphere are sup- 
posed to have been destroyed by the sulphuric acid, and doubtless this 
was the case. Other experimenters, however, in repeating the experi- 
ment of Schulze, have failed to obtain his results. The experiments 
of Dr. Hughes Bennett are a case in point, to which I might add 
certain failures of my own. Schulze’s success is, perhaps, in part to 
be ascribed to the purity of the air in which he worked; possibly, 
also, to extreme care in drawing the air into his flask; or, it may be, 
that the peculiar disposition of his experiment favoured him. Within 
the flask, as shown by his diagram, both his glass tubes terminated 
immediately under the cork, so that the air, entering by the one tube, 
was immediately sucked into the other, thus failing to mix completely 
with the general air of the flask. 

At avery moderate rate of transfer, I found, in 1869, that germs 
could pass unscathed through caustic potash and sulphuric acid in 
succession. To render the experiment secure, the air-bubbles must 
pass 80 slowly through the sulphuric acid, that the floating matter, up 
to the very core of every bubble, must come into contact with the 
surrounding liquid. It must, of course, touch the acid before it can 
be destroy | 
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Reflecting on this experiment, and knowing that a sealed chambg 
simply wetted within, suffices to detain the floating matter commaay 111. 


into contact with its interior surface, I thought that the same my 
hold good for the air-bubbles passing through a group of Lichig| 
bulbs. Every bubble, in fact, represents a closed chamber of inf: 
tesimal size, and it seemed plain that if the walls of this chamber wa 
formed of water instead of sulphuric acid, the floating matter won 
be effectually intercepted. This was a conclusion arrived at I 
summer, in the Alps. On my return to London I tested the om 
clusion, and found it verified by experiment. 

Two large test-tubes, each about two-thirds filled with turnipi it 
fusion, were so connected together, that air could be drawn throw 
them in succession. With a view to their sterilization, the tubes wey sive 
subjected for a sufficient time to the action of boiling water, a 
- permitted to remain afterwards in a room kept at a temperatund 
90° Fabr., until it was evident that sterilization had been comples 


Two narrow tubes, passed through the cork of each test-tube, in the sam it 
manner as in Schulze’s flask, and it was so arranged that the tube whidiy inc 
delivered the air should end near the surface of the liquid, the enim ana 
tube in each case ending immediately under the cork. Two series dim of ' 
Liebig’s bulbs, charged with pure water, were attached to the twa org 
ends of this arrangement; one series being connected with a laa anc 
receiver, placed on the plate of an air-pump, and the other left opal pat 
to the air. The connection between the receiver and the adjacuhm™ mu 
series of bulbs being first cut off by a pinch-cock, the receiver’ 
exhausted, and, by carefully loosening the pinch-cock, a very svi ™ 
passage of the air through the test-tubes was secured. The rated 20 
transfer was, however, such, that the air above the infusions was ® aff 
newed twenty or thirty times in twenty-four hours. At the el 
of twelve days, during which this process was continued day and night mm ™é 
the turnip juice was perfectly pellucid and free from life.. Two dsj wm me 
exposure to ordinary air sufficed to render the infusion muddy. fam‘ 
_ After twelve days the pinch-cock was opened, so as to allow’ the 
momentary inrush of the external air, which was immediately checktl , 
by the reclosing of the cock. Three days afterwards, the infusion tj 4 
the test-tube, into which the air first entered, was muddy and crowdé My °™! 
with life. The contamination did not reach the second test-tult a 
which remains to the present hour intact. Other experiments of's tor 
similar character have been executed with precisely the same resi *P 
I will not oceupy the Society’s time by describing them. Suffice iti : 
say, that they completely verify the conclusion that, in Schulze’s & Lo 


periment, water may be substituted for sulphuric acid and cous 
without any alteration in the result. 
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[Il. “Experimental Contribution to the Etiology of Infectious 


Diseases with special reference to the Doctrme of Contagium 
vivum.” By E. Kiet, M.D.,F.RS. Received February 4, 
1878. 


| The present communication has for its object to bring before the 

Royal Society the results of an experimental inquiry * into the etiology 
of an infectious disease of the pig, known as Hog Plague, Mal Rouge, 
Red Soldier, Malignant Erysipelas, or also Typhoid Fever of the Pig. 
There are English and continental writers who describe the disease as — 
Anthrax or Splenic Fever of the Pig. I shall show, however, conclu- 
sively, in my Report to the Medical Officer of the Local Government 
Board, that it is neither typhoid fever nor anthrax, but is an infectious 
disease of its own kind, which I propose to call “‘ Infectious Pneumo- 
Enteritis of the Pig” (Pnewmo-enteritis contagiosa). 

Like other infectious diseases, the Pnéumo-Enteritis possesses an 
incubation period, followed by constitutional disturbance and certain 
anatomical changes. These latter are invariably affections of the lung, — 
of the intestine, and of the lymphatic glands, not only of those of the 
organs of respiration and alimentation, but also those of the inguinal 
and Inmbar regions. In the lung the changes are those known to 
pathologists as lobular pneumonia.. In the alimentary canal the — 
mucous membrane of the large intestine is chiefly affected, being the 
seat of smaller or larger ulcerations. There is generally also inflam- 
mation of the serous membranes, especially the peritoneum, leading to 
an exudation of lymph into the serous cavity. The skin is occasionally 
affected with greater or smaller red patches. | | 

There are hemorrhagic patches to be found in the lung and serous 
membranes, the endocardium, and the muscle of the heart, the mucous 
membrane of the intestine (especially duodenum and large intestine), 
the tongue, and occasionally also the liver and spleen, only seldom in 
the skin and kidney. 

In anatomical respects, therefore, the Pneumo-Enteritis bears un- 
doubtedly a great resemblance to anthrax or splenic fever. There 
exists, however, a marked difference between the two diseases in the 
me cubation period, the general pathology,t and especially in the ana- 
tomical character of the spleen and blood. In splenic fever we find the 
spleen invariably enlarged, being the principal organ of the affection, 

* This being part of a larger research carried out for the medical officer of the 
Local Government Board. | 

t In splenic fever the period of incubation ranges from between a few hours to 
several days, in pneumo-enteritis it varies from two to five days and more. Splenic 
fever is easily transmissible to man and the domestic animals, whereas the transmissi- 


bility of the pneumo-enteritis is much more limited. Hitherto I have succeeded in 
Communicating it to rabbits, guinea-pigs and mice, although only with difficulty. 
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whereas in pneumo-enteritis it is only occasionally changed. And ]j 
wise, the blood presents entirely different characters in the 
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diseases ; in pneumo-enteritis it'is not different in any marked d 
from normal blood, whereas in splenic fever it is of dark colour—kham 
and does not coagulate at all, or only imperfectly so. Besides § 

blood in splenic fever contains the now famous Bacillus anthracis, gj 0 
hence its conspicuous infectious property, whereas in pneumo-enteniy ; 


the fresh blood does not, as a rule, contain any foreign matter, aniy 
most instances does not possess any infectious property. | 

Another disease with which pneumo-enteritis bears a great resuil 
-blance on account of certain anatomical characters, viz., inflammatiq 
of serous membranes, lung, intestine, and lymphatic glands, heme 
rhage in lung, serous membranes, endocardium muscle of hearin 
testinal mucous membrane, and other organs—is specific septicemis! 

The resemblance, however, is not greater than to splenic fevg 
although the differences are not less well marked. Besides oth 
there is this great distinction, that in pneumo-enteritis the contagm 
spreads by simple cohabitation, and through the air, which it new 
does in septiczemia, as in this the virus always requires a broken surlia 
through which to enter a healthy individual. 

Pneumo-enteritis is occasionally described as malignant erysipels 
(mal rouge, red soldier), but this is in so far inadmissible, as the alle 
tion of the skin in the former is a very inconstant symptom, andi 
milder forms of the disease is invariably absent. More recently i 
pneumo-enteritis has been regarded as typhoid fever of the pig. Frm 
a purely anatomical point of view, the resemblance between real, i 
human, typhoid fever and pneumo-enteritis is very slight indeed, s 
slight, in fact, that to mention it requires a total oversight of som 
of the most prominent symptoms, ¢.g., inflammation of lung and seri 
membranes, enlargement of inguinal, lumbar, and bronchial lymphii 
glands, hemorrhages in the endocardium and muscle of the heart 
-pneumo-enteritis on the one hand, swelling and ulceration of thelym 
phatic glands of the small intestine, swelling’ and inflammation 
spleen in real typhoid fever on the other hand. The resembla 
seems to be limited solely to the fact that in both diseases ulcersiit 
occurs in the intestine. But the distribution, the nature, and @ 
development of these ulcerations is totally different in the two diseases 


Having said thus much as a prefatory explanation, I proceed tos 
the results of the experiments.t 


-* Specific septicemia as distinct from septic infection. See Dr. Burdon-Sauslt 
son’s lectures at the University of London, 1877. 

t In all my experiments of inoculation the materies morbi was used in minis 
doses, t.e., a drop of fluid matter, or in the case of solids a particle of less then 
size of a pin’s head. In both cases the materies morbi was diluted or suspenih 

respectively in a few minims of boiled saline solution of $ per cent. in order ## 


. 
2: 
| 
| 
a 
“£8 
fie 
; 


1878. ] 


The experiments refer to the following series :—. 

]. Experiments showing that the fresh blood of diseased animals 
does not, as a rule, contain the virus, as it fails to produce the disease 
when introdaced into a healthy animal. | 

Four animals were inoculated (at different times) with fresh blood ° 
of diseased animals. They remained healthy. When subsequently 
inoculated with virus-containing matter, they became smitten with 
the disease. 

In a fifth instance, however, fresh blood did produce infettion. 
[And this same blood proved active after having been kept sealed up 
jn capillary tube for several weeks.] This blood was obtained from 
a very severe case with copious peritoneal exudation, in which were 
found peculiar abnormally large coarsely granular cells; the same 
cells were also present in the blood; so that it appears probable that 
the blood became charged, by absorption during life, with matter 
from the peritoneal exudation. This latter always contains the virus 
in an active state. 

2. Experiments showing that fluid as well as solid lymph of the 
diseased peritoneum contains the virus in a very active state. 

Six successful inoculations with fluid peritoneal exudation. | 

There is no difference of activity to be noticed between fresh 
exudation and one that had been kept sealed up in a capillary tube 
for several weeks. | 

Solid lymph obtained from the peritoneal cavity of diseased animals, 
having been dried at a temperature of about 38° C., proves very 
active. — 

3. Experiments showing that parts of the diseased lung, ulcerated 
_ Intestine, and also diseased spleen, contain the virus in an active state. 
Diseased parts of lung or intestine, that were dried at a temperature 
of about 38° C., retain their virulence unaltered. — 

In all cases of pneumo-enteritis the trachea as well as the bronchi 
contain frothy blood-containing mucous matter, possessed of infectious 
property. It must be, therefore, supposed that the breath of a 
diseased animal is charged with the poison. On account of the 
diseased state of the intestine also, the dung is to be regarded as in- 
fectious. 

4. Experiments showing that infection is produced by cohabitation 
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crease its bulk and thus to facilitate its introduction. The inoculation was invariably 
earried out by injection into the subcutaneous tissue by means of a fine canula of 
& hypodermic syringe, necessary care being taken that this had been previously 
thoroughly cleaned and disinfected. After and before inoculation the animals have 
always been kept isolated and in clean and disinfected places. In order to insure 
reliable results (viz., that the disease in a particular case was really a consequence 
of the inoculation and not of infection through other sources) care was taken that 
those who attended the isolated animals were not the carriers of infection. 
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virus was brought directly into the stomach, by means of an indis 
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with a diseased animal, or by keeping healthy animals in a pe 
whence a diseased animal had been removed. 

5. Several experiments were made to see whether feeding 
animals on matter obtained from the diseased organs (intestinal nla jus 
especially) produces the disease. The experiment was always attended 
with success, if an abrasion existed in the mucous membrane of th ter 
mouth or pharynx; this was usually the case when the matter ha gal 
to be introduced into the mouth while the animal was being held by de 
assistants. for 

There were, however, two cases which appear to prove that th Be 
disease cannot be produced by simple feeding. __ 

This was, unfortunately, at a time when I was not acquainted, “i va 
with the fact that in many animals the disease is of so mild a form ly: 
that it can hardly be recognized in the living. I did not make ay dr 
post-mortem examination of those two animals. dr 

But since then I have made two other experiments, in which the 
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rubber tube introduced per fauces et cesophagum. In both thew 
instances the animals became diseased and their intestines were mots 
conspicuously affected. 

From the last three series of experiments we may conclude tha 
the principal mode by which contagion of pneumo-enteritis is carried 
out, is through the instrumentality of the air and the food. 

6. This series comprises experiments to prove that the virus can be 
cultivated artificially, z.c., outside the body of an animal; in the case 
of splenic fever it has been successfully done by Dr. Koch. 

The experiments are seven in number, (a), two refer to cultivation 
started with fluid peritoneal exudation; (b), in the five others thé 
virus had been obtained by cultivation of dried lymph of the pe: 
toneum of an animal suffering from the disease. 

(a.) The cultivation of the virus for the first two cases was cartill 
out thus : | 

Fluid peritoneal iiiitiities of a diseased animal had been colleotad 
and sealed up on November 6, in a capillary glass tube. On th 
following day there was present a small clot due to coagulation. 4 
minute speck of this clot was removed with the point of a cleat 
needle, and with it was inoculated a drop of fresh aqueous humour d 
a healthy rabbit. This drop had been placed on a thin covering-glas, 
which, after the inoculation, is inverted over a small “ cell,” made by 
fixing a glass-ring* on an ordinary glass-slide. The covering-glass # 
fastened on the glass-ring by means of a thin layer of pure olive-oib 


* The glass ring I used is 0'5 to 2 millimétres high, about 2 mm. thick, ai 
“about 18 mm. wide. If the preparation is to be observed on the hot-stage of the 
microscope, instead of the ordinary glass-slide, one of only 0°5 mm. thickness is chose 
in order to bring the preparation more rapidly up to the desired temperature. le 
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| The preparation was then kept in the incubator for twenty-four hours 
at, a temperature of 32-33° C. After this time it was used to in- 
oculate a new drop of humor aqueous in a similar manner as the one 
just described. We will call this the second generation. 

This new specimen was placed in the incubator and kept there at a 
temperature of 32-33° C., for further twenty-four hours. In the 
game manner a third generation was started by inoculating a fresh 
- drop of humor aqueous. After having been kept in the incubator 
for several days it was used to inoculate two animals at different times. 
Both animals became smitten with the disease. | 

(b.) The other five experiments were carried out with virus culti- 
vated from solid lymph of the peritoneum of a diseased animal. The 
lymph had been dried at 38°C (See Series 2). A small particle of 
dried lymph is crushed into fine powder. With a granule of this a 
drop of fresh humor aqueous is inoculated in the same manner as above 
described.—First generation. | 

After having been kept in the incubator for two or three days at a 
temperature of 32—33° C., it is used to inoculate a second generation, 
care being taken to use a trace only of the fluid part and not to come in 
direct contact with the original granule, which may be still discerned 
inthe preparation. __ | 

The specimen representing the second generation is kept in the in- 
cubator for a day or two. It is then used to inoculate a fresh prepa- 
ration.— Third generation. And, finally, this is used for establishing 
a fourth: generation. After having been kept in the incubator, a part 
of it is used for inoculating two animals, the inoculation being carried 
out at different times. Both these animals become smitten with the 
- Another portion of this fourth generation was used to start a fifth 
generation, then a sixth, a seventh, and an eighth generation. With 
this three animals were inoculated at different times. All three 
animals became diseased in due time. } 

In order to correctly interpret the results of this last (6th) series of 
experiments, it is important to mention that inoculation with dried 
lymph, diluted far less than would correspond to the third generation 
in the last-named experiments, is followed by a negative result. 

The microscopic examination of the cultivated liquids proves that 
these are the seat of the growth and development of a kind of bac- 
terium, which has al] the characters of bacillus subtilis (Cohn). The 
bacillus in our case is a very fine and delicate rod, thinner than both 
that described by Professor Cohn in hay-infusion, and the bacillus 
anthracis so thoroughly investigated by Dr. Koch. | | | 

Our bacillus differs also in other respects from that of bacillus an- 
thracis, inasmuch as it possesses @ moving stage, the bacillus anthracis 
described by Dr. Koch is non-moving. Like bacillus subtilis of. hay 
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and bacillus anthracis, our bacillus grows under favourable condition 


into long leptuthrix-like filaments, which occasionally form more 


less complex convolutions. 

In these filaments highly refractive spores make their appearang, 
These become free after the disintegration of the original filamentoy 
matrix. The fully developed spores of our bacillus differ from tho 
of hay-bacillus and anthrax-bacillus by being more distinctly cylin 


drical and much smaller.* According to Professor Cohn (Beitrag: § 


zur Biologie der Pflanzen II, 2, 1876, p. 264) the long diameter of the 
spores of bacillus of hay and also of anthrax—for both are identical 
in morphological respects (1.c., p.275)—amounts to 0°0015—0°0022 mm. 


or ax of an inch, whereas the spores of our bacillus are little less than 


00005 mm. or =545, of an inch in their long diameter.t At first] 
misinterpreted the spores, regarding them as a kind of microcoeéi, 
and only after repeated observations have I succeeded in tracing them 
through their different stages of development. | 
After many failures—owing to the introduction and development of 
bacterium termo—I succeeded at last in obtaining, already in th 
second generation of original virus, a pure crop of bacillus and its 
spores. With these I started several separate cultivations, in which thé 
germination of the spores into delicate bacillus, the swarming stage, 
the rapid multiplication by division, their growth into long apparently 
smooth filaments, and, under sufficient access of air, the formation 
of the bright cylindrical spores in them could be distinctly traced} 


* In the figures accompanying Dr. Koch’s paper on bacillus anthracis (Beitr. 


Biologie d. Pflanzen ii, 2, 1876) the spores are represented in many places as mon | 


or less spherical in shape. 

+ In convolutions of filaments the outlines of these latter become gradually lost 
after the spores are formed. The spores appear now to be embedded ‘in a tran 
parent gelatinous matrix. At the edges of such masses or where they are int 
sufficiently thin layer, the linear arrangement of the spores can be still recognised. 
But there is undoubtedly a transparent jelly present in these masses forming tht 
ground substance for the spores and fibres. Professor Cohn mentions (I. c., p. 263) 
a similar jelly in convolutions of hay-bacillus. I entirely differ from Dr. Koch with 
regard to the mode of germination of the spores of bacillus. Koch states (16, 
p. 289, and also in his latest paper on Bacteriee in Biol. d. Pfl. 2 Bd. 3 Heft.) thatit 
is not the highly refractive spore which directly produces the bacillus, bat that the 
hyaline gelatinous envelope surrounding each spore elongates so as to form the 
bacillus, while the bright spore-matter itself gradually diminishes in size and finally 
disappears. From @ priori reasons it is impossible to assume that this can be 80, Vit, 
that the gelatinous envelope should grow into the bacillus ; for Cohn proved beyond 
doubt that in the case of hay-bacillus the spores germinate even after having beet 
exposed to boiling heat. Surely this gelatinous envelope, if living protoplasm, mus 
become, under these conditions, deprived of its germinating power. Direct ob- 
servation proves that in my case the spores possess another membrane within ths 
gelatinous envelope, and during germination this inner membrane is broken at 0m 
pole and the contents of the spore protrude and grow out as the bacillus. ‘Til 
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(No other organisms appeared in these cultivations.) These wereagain 
used to inoculate other preparations of aqueous humour, and so on, 
until 1 succeeded in obtaining considerable quantities of liquid, con- 
taining only bacillus and its spores. The last-named animals were 
infected with liquid of this kind. | | 

Seeing that splenic fever, pneumo-enteritis, and specific septicemia 
possess a great affinity in anatomical respects, and seeing that in 
splenic fever and pneumo-enteritis the materies morbi is a definite 
species of bacillus—the difference of species being sufficiently great 
to account for the differences in the two diseases—we may with some 
probability expect that also the third of the group, viz., specific septi- 
cemia, is due to a bacillus. This, however, remains to be demon- 
strated. It seems, finally, justifiable to speculate whether or not we 
have in these three varieties of disease ‘‘a variation of species ”’ in 
the sense of the evolution theory. 


_IV. “On the Use of the Reflection Grating in Eclipse Photo- 
graphy.” By J. Norman Lockyer, F.R.S. Received 
February 8, 1878. | | 


The results obtained by the Eclipse Expedition to Siam have lead 
_ me to think that, possibly, the method of using the Coronal atmosphere 
as a circular slit, suggested by Professor Young and myself for the 
Indian Eclipse of 1871, might be applied under very favourable condi- 
tions, if the prism, or train of prisms, hitherto employed, were replaced | 
by one of those reflection gratings with which the generosity of 
Mr. Rutherfurd has endowed so many of our observers. | | 

To test this notion I have made some experiments with a grating, 
which I owe to Mr. Rutherfurd’s kindness, containing 17,280 lines to 
the inch. The results of these observations I have now the honour of 
laying before the Royal Society. ; 

In front of the lens of an ordinary electric lamp, which lens was 
adjusted to throw a parallel beam, I introduced a circular aperture, cut 
in cardboard, forming an almost complete ring, some 2 inches in 
interior diameter, the breadth of the ring being about i inch. This 
was my artificial eclipse. | 

At a distance from the lamp of about 13 yards, I mounted a 33 inch 
Cooke telescope, of 54 inches focal length. Some distance short of 
_ this focus I placed Mr..Rutherfurd’s grating, and, where the first 
order spectrum fell, I placed a focussing screen. To adjust for sharp 
focus, in the first instance, the grating was so inclined to the axis of 


is also in accordance with the observations of Professor Cohn, for this authority 
states (1. c., p. 265) “Die Sporen schwollen etwas an und trieben an einem Ende einen 
kurzen Keimschlauch.” 
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the telescope that the image of the ring reflected by the silver surfgg, 
adjacent to the grating was thrown on to the screen. This done, th 
grating was placed at right angles to the axis, and the spectrum of the 
circular slit, illuminated by sodium vapour and carbon vapour, photo. 
graphed for the first, second, and third orders on one side. The third 
order spectrum, submitted to the Society with this communication, 
showing the exquisite rings due to the carbon vapour flutings 
was produced in 42 seconds. The first order spectrum, also sub. 
mitted to the Society, was produced in the same period of time, anj 
was very much over-exposed. It is, therefore, I think not expett. 
ing too much that we should be able to take a photograph of the 
eclipse, in the third order, in two minutes; but let us make it four. 
Similarly, we may hope for a photograph of the second order in two 
minutes, and it is, I think, highly probable also that a photograph of 
the first order may be obtained in one minute. 

It is clear then that, by mounting photograhic plates on both sides 
of the axis, one solidly mounted equatorial of short focal length may 
enable us to obtain a large number of photographs, with varying 


lengths of exposure, of the next eclipse. I have insisted upon the 


solidity of the mounting because, if any one plate is to be exposed 
during the whole of totality, the instrument must not be violently dis 
turbed or shaken while the eclipse is going on. I think, however, its 
quite possible to obtain several photographs, of the lower order spectra, 
without any such disturbance. The same plate may be made to record 
three, or even four, exposures in the case of the first order in a 
eclipse of four minutes’ duration, by merely raising or lowering it 
after a given time, by means of a rapid screw or other equivalent _ 
contrivance, so that a fresh portion of the same plate may be exposed. 
Similarly, the plates on which the spectra of the second order are 
be recorded may be made to perform double duty. } 

- If one equatorial thus mounted were to be devoted to each coolll 


of the coronal atmosphere, it is certain, I think, that most import 
results would be obtained. ) 
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February 21, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President, in the Chair. 


"he Presents received were laid on the table, and thanks ordered 
for them. 


‘The following papers were read :-— 


I “On the Alteration of the Thermal Conductivity of Iron 
and Steel caused by Magnetism.” By HERBERT TOMLIN- 
son, B.A., Demonstrator of Natural Philosophy, King’s 
College, London. Communicated. by Professor STOKEs, 
Sec, Roy. Soc. Received December 17, 1877. 


The writer has, for several months, been engaged in experimenting 
on the alteration of the electrical and thermal conductivity of iron 
and steel, produced by magnetism, with the intention of determining 
such alteration in absolute measure. But as, before the complete 
determination of the data sufficient for the purpose, a considerable 
time must elapse, he would venture to offer to the Society, in a pre- 
liminary note, some results which have already been obtained by him. 

In these experiments, the apparatus chiefly employed to impart 
magnetism consisted of an electro-magnet, with soft iron cores, 1 inch 


in diameter and 5 inches in length, surrounded by cotton-covered 


copper wire, ;1,th of an inch in diameter, having a resistance of nearly 


- lohm, and a coil constructed as follows:—a thin tube of polished 


tin, 1} inch internal diameter and 44 inches long, was covered with 
vulcanised caoutchouc to a depth of th of an inch, and on this 
was wound 3 lbs. of cotton-covered copper wire, z5th of an inch 
diameter, followed by 3 lbs. of wire, jjth of an inch in diameter. 
Inside the first tube was placed a second, 1 inch internal diameter, con- 
nected by ebonite with the first at the two ends, the second tube being 
concentric with the first, and of the same length, so that, between the 
inner tube and the outer, should be interposed a layer of air nearly 
sth of an inch in thickness. This arrangement was employed to pre- 
vent the heat from the magnetising coil reaching the bars placed 
inside ; also, to prevent ingress or egress of heat; the bars used with 
the eoil were covered with vulcanised caoutohone, so that they lay 
with their axes coinciding with the axis of the coil. : 

To measure the heat conducted along the bars two sets of thermo- 
elements were constructed. The first was made up of two small 
strips of copper, $ inch long and } inch broad, of small thickness. To 
these was soldered about 1 foot. of silk-covered german-silver wire 


 ¥oth of an inch in diameter, the copper strips being also connected 
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bismuth, and were each fitted into india-rubber tubes, so that they 


about 6 feet from the mirror of the needle. 


with a galvanometer by copper wires, well covered with caonte 


one end of each being soldered to the copper strips, so that either ongg : 
both the copper strips with the soldered German-silver wires could hy ; 
employed as a thermo-element. In case it was found convenient to ny 
only one of these, the other was kept well covered with sawdus, : 


These elements will be called the G. S. elements. The second opp. 
sisted of two small thermo-piles, each of 12 elements, of antimony ang 


could be inserted into small wooden boxes, containing water, so as fy 
fit water-tight. Sometimes these, like the G. 8. elements, were nged 
separately ; at others, were made to neutralise each others effect on 
the galvanometer. 

With these elements, a delicate Thomson’s reflecting galvanometer, 
having a resistance of 2 ohms, was employed, the scale being placed 


In the circuit of the magnetising current, a tangent galvanometer 
was placed, the needle of which was suspended by a very fine platinnm 
wire, attached to a graduated torsion circle. The two thick copper 
wires which conveyed the current were each 27 centimetres in dip 
meter and 14 inches apart. 

A magnetometer was also employed to test the wauneell im 
parted, but, as the readings will not be given in this paper, no de. 
scription of the instrument is necessary. | 

To heat one end of the bars two large Leslie’s cubes were employed 
having each two apertures projecting about 2 inches into the interior 
of the cubes. The apertures in one cube were } inch square and placed 
in one side of the cube, about 3 inches apart from each other, and 
half way up the side. In the other cube the apertures were circulat, 
and 4 inch in diameter, and placed in the centres of opposite sides 
of the cube. Into these cubes bars of square and circular section 
were respectively inserted, and water filling the cubes was raise a b 
100° C. 

The first experiment was made on a soft iron bar, } inch square i in 
section. The bar was inserted into the Leslie’s cube with squate | 
aperture, filled with boiling water, and into the other aperture wi 
inserted a brass bar of the same section. The length of the iron bar 
was about 10 inches, and of the brass one, 18 inches. One of the G.5 
elements was fastened on to the iron bar, and the other to the brash: 
by caoutchouc bands, the elements being insulated from the bars iy 
thin paper. The G. S. elements were made to very nearly counteraé 
each others effect by sliding one or other of them up and down thé 
bars until the heat conducted by the bars to the elements was in boil 
the same as nearly as possible. Underneath the bar was placed the 
electro-magnet, with a piece cf white cardboard lying on the uppét | 
extremities of the soft iron cores, so that the cores were about 3 milk 
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metres from the iron bar; the bar was also propped by a wooden 
support at the other end. A preliminary experiment had been made 
for the purpose of ascertaining whether the heat radiated from the 
electro-magnet would affect the thermo elements to any appreciable 
extent, and this was not found to be the case. 

The water in the cube was now kept boiling for about nine hours, 
and after that time had elapsed it was ascertained that the flow of heat 


from one part of the bars to another compensated the loss from radia- 
tion, and the light on the scale remained stationary. (It should be 


observed that, as it was impossible to cause one thermo-element 
exactly to neutralise the other, a slight use of the adjusting magnet 
of the galvanometer was made to bring the light near the zero of the — 
scale.) The current from a single bichromate cell was now sent through 
the coil of the electro-magnet. In a few moments the spot of light 
began to move very slowly across the scale in a direction indicating 
that the flow of heat through the iron bar was being checked, and in 
about fifteen minutes a deflection of about 25 divisions of the scale was 


obtained; the current of the cell was then stopped, when the light 


began slowly to return, and finally settled in apparently the exact 
position which it held before sending the current through the coil. 
This experiment was repeated several times on the same day, and on 
several other days, but always with the same result as regards direction, 
namely, showing a diminution of the flow of heat from longitudinal 
magnetisation. 
As it was thought, however, that the electro-magnet might when in 
action perhaps produce an apparent diminution of flow of heat by 
slightly disturbing the bar in its position in the aperture, though every 
precaution had been used to prevent the chance of this, the bar in the 
next set of experiments was securely soldered into the cube, and again 
tested as before. Here, again, some five or six trials gave the same 
result, and seemed to show, most conclusively, that the thermal con- 
ductivity of soft iron is diminished by longitudinal magnetisation. 

As the method of observation, however, was tedious and would give 
no idea of the amount of alteration of conductivity, other expedients 
were now adopted. 


A piece of soft iron, BC, 4 inch long, $ inch broad, and 2 milli- 


, Metres in thickness, was soldered, as in the figure, to two pieces of 


brass, AB, CD, of the same breadth and thickness. 
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AB was 2 inches long and CD 1 inch. 

' The _ ‘AB was also soldered to another piece of brass AE, ht 
a section } inch square, and length about 12 inches. 

The whole was placed inside a wooden box, 2 feet long, 1 foot wid 
and 2 feet high, lined on the outside with tinfoil. _ 

_ AE passed through a circular hole, 2 inches in diameter, in th 
aiddle of one end of the box, and through two corresponding circuly 
holes in a double screen of sheet tin, and thence into one of th 
square apertures of one of the Leslie’s cubes. The electro-magnet wy 
placed underneath BC, and two pieces of soft iron, about 34 inchesin 
length, 4 inch in breadth, and about 2 millimetres in thickness, wer 


_ placed on the ends of the soft iron cores, so as to be on the same levd 


with BC, and distant from B and C about 2 millimetres, the pies 
of iron being separated from the cores by a piece of white paper. hh 
some experiments the pieces of iron thus used were carefully secured 
to the electro-magnet by elastic straps, and, in others, by weight 
placed on them. A preliminary experiment, made with the strongest 
current that was ultimately used with the electro-magnet, showed that 
neither were the iron pieces on the cores appreciably shifted o 
magnetising the coil, nor was the heat radiated from the coil sufficient 
to produce any effect on one of the G. S. elements fastened by elastic 
bands to the back of CD. The other G. S. element was in this cae 
buried in sawdust, with which the box was now filled, so as to cover 
completely the bars and electro magnet. The sawdust also filled the 
space between AB and CD, and the small portion of the brass bar AB, 
which was between the box and the Leslie cube, was covered we 
caoutchouc and cotton wool. 

The lid of’ the box was now put on, and some time allowed to elapx 
until the light remained steady on the scale. 

Boiling water was then put into the cube, and a burner placed 
underneath. Very shortly the light began to move across the scale 
showing that the heat had been conducted along the compound bar 
the thermo element, and then the number of divisions on the scale — 
passed over by the light was taken for each minute. The adjusting 
magnet of the galvanometer had in these and similar experiments # 
be placed very low down in order that the number of divisions of the 
scale passed.over might not exceed 60 per minute. When the light. 
reached one end of the scale the adjusting magnet was used to bring 
it back again to the other. In these and similar experiments it was 
found that, after some time, either the number of divisions passed over 
per minute increased or diminished very slowly or else remained — 
constant for some minutes. The following observations were made 
with the specimen in question, the light being near one end of the | 
scale. The number of divisions passed over in consecutive minutes 
was as follows (the magnetising current will be called M. C.) :— 


F 
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A B D 
M.C. not flowing. M.C. flowing. M.C. not flowing. M.C. flowing. 
lst minute 40 lst minute 34 lst minute 31 lst minute 28 


9nd minute 39 2nd minute 34 2nd minute 33 2nd minute 29 


No. of divisions in | No. of divisionsin | No. of divisions in | No. of divisions in 
last 4 minutes last 4 minutes | last 4 minutes last 4 minutes 
=147. =130. =113. 


The light was then near the other end of the scale, so the adjusting 


magnet was employed to bring the light back again. The set of 


experiments here given, the first of many, is rather an unfavourable one, 
most of them giving results much closer together than those here given, 


and, in several instances, the flow of heat would seem perfectly steady 
for upwards of fifteen minutes. : | 


The observations of the first minute in each case were not taken, in 
order to avoid error from very slight deviations of the galvanometer 
needles caused by the action of the electro-magnet, which however was 
placed at such a distance from the galvanometer, and in such a position 
as not, in most cases, to produce any such deflection, and to give time 
for the magnetism to produce its effect on the bar. It has been de- 
termined, that in experiments made in this manner, 1 minute seems 


- quite sufficient for the above-mentioned purpose. 


Taking A and C together, we obtain as a mean thé number of 
divisions passed over in 4 minutes with the M. C. not flowing 136 as 
against 130 from B, with the current flowing ; again, from B and D, 
with the current flowing, we obtained 121°5 as against 125, with the 
current not flowing, so that, in both cases, there is a less mean flow 
with the M. C. flowing than when it is not flowing. The mean of this 
particular set of experiments would give a decrease of flow, when the 


| bar is magnetised longitudinally, of about 3°6 per cent. of the whole 


for a magnetising current, causing a deflection of the needle of the 
galvanometer of 18°6°. The mean of all the observations for the 
specimen, and for this current, gave a decrease of flow amounting to 
33 per cent. of the whole. | | 

The electro-magnet: was now turned through 90°, so as to magnetise 
the iron transversely, and a similar set of experiments were made. 

Here, again, the result was most conclusive, and the mean of several 
observations showed an increase of flow when the bar was magnetised 
transversely, amounting to about 3°2 per cent. of the whole for the 
Same current strength. | | 

Thus, the decrease of conductivity in one case seems roughly to be 
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equal to the increase in the other, but it is the intention of the anthe 
to make further researches into this part of the inquiry. 

The batteries employed in these and subsequent experiments wm 
slight modifications of Daniell’s batteries, which, though having a vey 
small resistance, maintained a constant current for some hours. They 
batteries the writer hopes to have the honour of describing to th 


- Society on a future occasion. 


Similar experiments were next made on a piece of hard steel d 
similar dimensions to those of the iron, but the _—"* of the brass ba, 
AE, was considerably shortened. 

The result of the experiments proved that there was a decrease d 
flow, amounting to about 4 per cent., of the whole, when the bar wy 
magnetised longitudinally with a current producing a deflection of lf 
on the tangent galvanometer, and an increase of flow when magnetisel 
by a current of 10° C transversely, aanounting to about 3 per cent. d 
the whole (unfortunately, through accident at the time, the sam 
magnetising current as used for longitudinal magnetisation could nok 
be employed). 

This last result was rather unexpected, as, though Sir Willian 
Thomson has shown (Phil. Trans., Feb. 28, 1856) that the electne 
conductivity of hard steel is diminished when the steel is magnetise 
longitudinally, some experiments of the writer in the same direct 
(Proc. of Royal Society, June 17, 1875) seemed to show that, in i 
case of hard steel, the contrary effect is produced, while J ous 
proved (Phil. Mag., 1847) that, while a bar of iron, or even® tee 
which is so hard that a file will just touch it, is lengthened by Iam 
tudinal magnetisation, iron under great strain, or steel so hand { ha 
a file will not touch it, is shortened. ia 

Of course, the mere act of soldering the steel to the brass woul 
a certain extent, soften the steel. A bar of steel, therefore, of cit cn 
section, 3 inch in diameter and about 12 inches in length, wag E nade 

so hard that it could not be touched with a file, and placed, with 
usual preeautions, on the poles of the electro-magnet, at a heigl 
about 3 millimetres above the cores of the electro-magnet, one of h 
G. S. elements being secured to one end and the other end insem 
in a Leslie’s cube. But here, again, there was undoubtedly & de 
crease of conductivity, when the bar was magnetised longitudinally 
Of course, however, the mere fact of heating the bar at one end@ 
the temperature of boiling water would tend to soften the bar, ant 
the writer is not quite satisfied but that it may be ascertained thth 
for low temperatures, the conductivity of hard steel is increased 
It is intended, therefore, to make experiments on iron and steél,& 
different temperatures, both high and low, with a view of definitely 
settling this point. 

Some experiments were next made with the magnetising coil & 
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scribed in the beginning of the paper, but the effects produced were 
found to be so much less for the hard steel than when the electro- 
magnet was employed that it was found necessary to use the thermo 
piles, also mentioned above, and instead of employing the compen- 
sating magnet to bring the light on to the scale to cause the two piles, 
as much as possible, to neutralise each others effects. Accordingly the 
following arrangements were made :— 

Two bars of hard steel, S, each 34 inches long and 4 inch in diameter, © 
were soldered at each end to two copper rods, each about 44 inches 
in length and 4 inch in diameter. One copper terminal of each rod 
was inserted, as in the figure, into a Leslie’s cube, L, to a distance of 
9 inches, and the other terminal into a small wooden box, varnished 
inside with shell-lac, and capable of containing about 120 cubic centi- 
metres of water. The bars were well covered with caoutchouc; KK 
are double screens, PP the two thermo elements, so arranged as to 
send their’ currents through the galvanometer in opposite directions, 
the wires connecting them with each other and the galvanometer 
being well covered with gutta-percha, and passing through small 
holes in the sides of the boxes. The two compound bars were thus 
made as exactly similar as possible, and also similarly placed, the only 
difference being that produced by the magnetising coil, M, whose axis 
coincided with that of the steel bar placed inside it. 


The large boxes, B, were well filled with sawdust, and the lids 
being put on, the whole affair was left for some time, until the light 
remained steady on the scale. Boiling water was then poured into the 
hole, W, and a burner lighted underneath the cube, whilst the aperture 
at W, having been closed with a cork, the steam generated was allowed 
to pass through a smaller aperture at A, connected by tubing with a 
large vessel filled with water, for the purpose of condensing the steam. 

Both the small boxes had originally the same quantity of water 
placed in them, and a previous experiment had shown that so exactly 
Similar was the heat conducted along the bars to the water in the 

£2 | 


> 
| 
: 
avg 
very 
of 
ie 
4 
| 
2 
. 
' 
we 
‘A 
> 
TA 


116 Mr. H. Tomlinson on Thermal Conductivity [Feb 


boxes, that when some two hours or so had elapsed, the rise of te 
perature of the water in each box seemed as measured by an 
thermometer, marked off in degrees ee to be exactly the i 
namely, 10° C. 

But as the same experiment had shown that the pile i in the bel 
the left of the figure was very slightly more powerful than the othe 
the water in the box on the right was diminished very carefully 


means of a small siphon, formed of india-rubber tubing, of very smi 


bore, which was kept closed by a pinch-cock at one end, the tik 
passing through holes cut in the large box, through the sawdust, sn 
through a small hole cut in the lid of the small box, so as to dy 
into the water. The little siphon was always kept charged, and, ly 
means of the pinch-cock, any desired small quantity of water could 
extracted from the box. 

By this means it was found easy to make one pile so neutralise the 
other that a very slight use (if any is necessary) of the adjusting 
magnet was required, even when the magnet was near its most sensitin 
position with respect to the galvanometer needle. 

On sending a current through the coil M, it was in a minute orm 
seen that the conductivity of the hard steel was diminished by the 
longitudinal magnetisation, and the amount of diminution was roughly 
determined by finding the amount of water necessary to be extractél 
from the box to again bring the light to the same slow rate of motim 
(about 2 divisions per minute) which it had before passing Mt 
magnetising current, and comparing this with the original amomh 
of water in the box. The decrease of flow did not amount tol pr 
cent. of the whole, even with the strongest battery used (currm 
shown by;the tangent galvanometer, 26°). 

This plan was found to be highly successful for determining whethe 
there was a diminution or not, but not equally so for determining 
amount of decrease, owing to the great difficulty in this method & 
quickly making the light move at the same rate after magnetisation as 
before. Another method was therefore tried, which promaats to en 
better results. 

The figure will perhaps best vile. the plan now adopted fr 
making one pile completely neutralise the effect of the other. 

P,, P, are the two piles. 

g the galvanometer. 

S the resistance of a shunt placed between the points AB, wi 
could be varied at pleasure. 

R the resistance of circuit AP,B, including the resistance of o 
pile. 

The same quantity of water was now put into each box, a n 
pile P; being slightly more powerful than P,, the shunt S was ack junit 
until there was little or no motion of the light on the scale. 
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_ The magnetising current was then passed through the:coil, and the 
shunt again adjusted, until the piles neutralised each other. 

It can be readily shown that if 2, 2, be the units of heat imparted 
to the water in the two boxes in the same time, 7 = Py when 
the piles neutralise each other. 


If, then, da, be the diminution of flow caused by magnetisation, and 
dS the diminution of shunt resistance necessary to again make one 


 S—dsS 
2, R+S—dS 


S(R+S—d8) 


and thus the percentage of diminution of flow may be determined. 

A few resistance coils were very roughly constructed for use in the 
shunt, S, and an attempt made to ascertain the actual amount of 
diminution of conductivity of the hard steel. This, again, appeared to 
be comparatively small, but as the coils used were not suitable for the 
purpose, the result is not given. But the writer has little reason to 
doubt that, with resistance coils suitable for such thermo-electric 
experiments, he will be able to measure, with fair accuracy, small 
variations of thermal conductivity in this way. 

It should be added that similar experiments to these were made 
with soft iron bars, both with and without copper terminals, but the 
results of the experiments, of which altogether upwards of a hundred 
have now been made, show that in every case the thermal conductivity 
of soft iron is diminished by temporary longitudinal magnetisation and 
increased by transverse magnetisation, whilst in the case of steel, of 
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different degrees of hardness, at any rate, for the temperatures @ 
ployed, magnetisation evidently produces the same kind of effeg ¥ 
with the soft iron. The amount of the alteration in the case of gif 
iron must have reached at least as high as 10 per cent., and ‘may 
greater. The experiments which the writer has made on electrgl 
conductivity have shown that this is also very appreciably alten 
by magnetism, at least 6 per cent., even when the magnetisatig 
was evidently not complete (Proc. of R. S., June 17, 1875), and by 
some reasons for believing that the amount of alteration for therm 
and electrical conductivity will be found to be not very different, Jf 
hopes, however, to thoroughly investigate the whole subject. 

It should be mentioned here that Sir William Thomson (Phil 
Trans., Feb. 28, 1856,) expresses a strong opinion that the experiment 
of Dr. Maggi on this subject, on which he says doubts have ben 
thrown by others, would be found correct, basing his opinion on th 
results of his own experiments on the alteration of electrical cm. 
ductivity by magnetism. And, though the writer had some years ag 
made some attempts in the present direction (unfortunately befor 
perusing Sir William Thomson’s exceedingly valuable paper), ky 
cannot conclude without expressing how greatly the suggestions ther 
thrown out. have assisted him in these and other experiments. 


II. “Chemical Notes.” By Dr. MaxweLL Simpson, F-.R.S., Pro 


fessor of Chemistry in Queen’s Comes, Cork. Receive 
anuary 2, 1878. 


On the Direct Formation of the Chloro-Bromides of the Olefines and othe 
| non-saturated Compounds. - 


-Chloro-bromide of Ethylene (C,H,CIBr). 


The first step towards the direct formation of this and other chlor. 
bromides is, of course, the preparation of the solution of chlorided 
bromine. This I endeavoured to prepare by a process analogous # 
that by which I had formed the chloride of iodine.* I found, howevéh,: 
that in passing the chlorine into the bromine and water, a large 
quantity of the former is carried off in the form of vapuur. I com 
tinued the passage of the gas, nevertheless, till all the bromine wa 
dissolved and the solution assumed a faint yellow tint. On conducting 
olefiant gas into this, I obtained avery small quantity of an oily liquit, 
part of which boiled between 106° and 110° Cent. Altogether, it is by 


* “ Annalen der Chemie,” cxxxvi, 141. 
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no means a productive progress. I made an ineffectual effort to im- — 
prove it by surrounding the vessel containing the bromine with ice. 
| This, however, only made matters worse, as it caused the formation of 
solid hydrate of chlorine and of bromine, which prevented the comple- 
tion of the process. After several unsuccessful experiments I at last 
hit upon the following process, which answers remarkably well :—500 
ins of bromine are dissolved in 4 fluid ounces of a mixture of equal 
volumes of strong hypochloric acid and water. This solution is intro- 
duced into a flask with a long neck, and surrounded with ice. Washed | 
chlorine is then passed into it with repeated agitation, till it ceases to 
be absorbed. In this way not a trace of bromine is lost, nor are any 
solid hydrates formed during the passage of the gas. On conducting 
‘olefiant gas into this solution, which should be surrounded with cold 
water and repeatedly agitated, I obtained a large quantity of an oily 
liquid, which I separated from the acid solution, washed with dilute 
potash, and distilled. Almost the entire quantity passed over between 
106° and 110°, most between 108° and 110°. 
The following analysis proves that this was the body in question ina 
state of purity :— | | | 


C.H,CIBr. 
| | Theory. Experiment. 
Carbon .. 16°72 16°57 
Hydrogen 2°78 3°01 


This process yields nearly 80 per cent. of the theoretical quantity. 
Chloro-bromide of propylene (C;H,C1Br) 


This compound is prepared in exactly the same manner as the ethylene 
compound. The propylene gas was derived from iodide of allyl. The 
process is very productive. I obtained a large quantity of an oily 
hquid, boiling between 118° and 120°, which proved on analysis to be 
pure chloro-bromide of propylene. 


Chlor-dibrom Allyl (C;H,Br,Cl). 


_ This compound may be readily prepared by the action of the solution 

of chloride of bromine upon bromide of allyl. It is only necessary to 
leave these bodies in contact for two or three days at the temperature | 
: of the air, and to agitate them repeatedly. The product distils between _ 
: 197° and 199°. It gave on analysis numbers agreeing perfectly with 
the above formula. 


Brom-dichlor Allyl (C;H;Cl,Br). 
This body may also be formed by the action of chloride of bromine 
upon bromide of allyl. To secure the production of this, and not the 
/ other allyl compound, it is necessary whilst agitating the reacting 
‘odies, to maintain them at a temperature somewhat below 100° Cent. 
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On submitting the product to distillation, I found that the grt 
part passed over between 180° to 187° Cent. 
This proved on analysis to be pure brom-dichlor allyl. 


On the action of Chloride of Acetyle wpon Valer-aldehyde. 


Many years ago I ascertained that acet-aldehyde enters into dined 
combination with chloride of acetyle, the compound ©,H,0,C1 being 
formed.* now find that valer-aldehyde also combines directly 
with this body. Their union is determined in the following manner: 
One molecule of valer-aldehyde is mixed with one of chloride of acetyk 
(the evolution of heat was observed when they came into contact), ani 
the mixture is subjected in a sealed tube to the temperature of I! 
Cent. for about three hours. At the expiration of this time the tube | 
opened, and its contents subjected to distillation. It commenced to 
distil at 115° Cent., and between that temperature and 145° a litth 
more than half of the fluid passed over. The remainder refused t | 
distil, although heated to 300°. (A considerable quantity of hydro. 
chloric acid gas was evolved during the distillation, and also when the 
sealed tube was opened.) On re-distilling I found that the greater part 
of the distillate passed over between 118 and 128° Cent. This gave 


on analysis the following numbers, which agree pretty well with the 
formula C;H»O.C2H,0C1 :— | 


Theory. Experiment. 
Carbon .. 51:06 50°30 


This compound is a little lighter than water, its specific gravity 
being 0°987 at 17° Cent. It is gradually decomposed when brought 
into contact with water, hydrochloric acid, acetic acid, and valer. 
aldehyde being formed. 
_ The compound, which would not distil, was neutral to test-paper. Be 
have not yet succeeded in rendering it sufficiently pure for analysis. 

I think we may now safely conclude that all the aldehydes of the 
fatty series combine directly with chloride of acetyle, and that this 
reaction is characteristic of this class of compounds. 


On a new Double Salt of Iodide of Calcium and Iodide of Silver. 


This salt is prepared by heating a concentrated solution of iodide o | 
calcium and adding to it moist iodide of silver till it ceases to be dis 
solved. The filtered solution crystallizes out on cooling in long white 7 
brilliant needles. These were pressed between folds of filtering paper, 7m 


dried at 100° Cent., and analysed. The following are the results « 


Cal,2(AgI)6(H,0). 


* Comptes Rendus séance du 29 Novembre, 1858. 
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On Supersaturated Saline Solutions. . 


Theory. Experiment. 
I e I I 7 


This salt is completely dissociated by water, a few drops even being 
sufficient to separate the whole of the iodide of silver. This reaction 
enabled me to analyse the salt with facility. 

It was only necessary to add water to a known weight of the salt 
and filter. The iodide of silver may then be determined on the filter, 
‘and the calcium in the filtrate in the usual way by means of oxalate of 
ammonia. The water I had to determine by difference, as the heat 
necessary to expel the water drove off at the same time some iodine 
from the iodide of calcium. A known weight of the salt, dried in 
vacuo over sulphuric acid, did not lose weight when afterwards heated 
for some time at 100° Cent. It partially fuses at the temperature of 


| boiling water. | 


Iodide of calcium forms several interesting double salts, which Iam 


| at present engaged in examining. 


Ill. “Further Note on Supersaturated Saline Solutions.” By 
CHARLES ToMLINSON, F.R.S. Received January 7, 1878. 


In the paper which was read on the 20th of December Jast, I stated 
that during some years past I had often recognised the existence of 
a force in the atmosphere, which seemed to exert a powerful influence 
on nuclei, in determining the sudden solidification of supersaturated — 
saline solutions. I had attempted to identify this force with evapora- 
tion, with desiccation, with crystallisation, with electricity, and with 
surface tension, and performed many experiments with this view, but 
without success. I therefore determined to make daily observations on 
the action of oils, &c., on these solutions, taking the typical one of 
sodic sulphate of a uniform strength (2 salt to 1 water), and to record 
the results from day to day, with especial reference to the state of the 
atmosphere. These observations have now extended over three or four 
months with this general result, that with a southerly or westerly wind, 
the action of oils is to throw down the seven-atom salt at temperatures 
above that at which it is naturally formed. The salt comes down on 
shaking the solution in the flask. In dull and damp weather it falls in 
4 powdery form ; in fine weather in crystals of the modified salt, and 
the powder previously formed in dull weather grows into well-shaped 
crystals. Covered flasks with oil in contact with the solutions, have 


thus been kept for days and weeks together, and although repeatedly 
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shaken, the only effect was to increase the quantity of the modifi 
salt, while the liquid portion remained supersaturated. With a northerly 
or easterly wind the oil determined the sudden solidification of the al 
either at once, or on shaking the flask, with the usual rige j 
temperature. 

During the last three or four months, however, the occasions hay 
been so rare on which the oils produced this last-named effect tha 
had I not had sufficient confidence in my published results, I shoal 
have been disposed to agree with other observers in the conclusion tha 
oils have no nuclear action on these solutions. But those rare ocu 
sions (rare in consequence of the prevalence of southerly and westerly 
winds) when the oils did act with effect, satisfied me that, whatever 
the force may be which enables the oils to act, it is a true cang 
capable of being discovered by continuing the observations. 

The contradictory nature of the results will be understood from om 
example. On the 18th of December the wind, which had long bea 
westerly and south-westerly, veered to the north-west, when I droppel 
castor-oil into three flasks, placed in the open air, and the solution 
immediately solidified. To meet the objection that an oil that has ben 
exposed to the air always contains minute particles of sodic sulphat, 
or of a salt isomeric therewith, I rinsed out a clean bottle with ho 
water, filled it half-full of the same, and poured upon it a little castor. | 
oil. The cork, which had been kept in hot water, was then inserted, 
and the phial was repeatedly shaken, so that if any nuclear salt had 
been contained in the oil, it must have gone into solution, in whit 
state, as I have already shown,* it is not nuclear. When the phial ws 
cold, some of the washed oil was taken up with a pipette (previously 
kept in water), and dropped into six flasks, when the solutions al 
became solid. On the next day, and the day after, the wind wa 
westerly and south-westerly with a damp fog. The experiment wi 
repeated exactly as on the day before, but now the oil no longer pre 
duced solidification of the salt; it only threw down a little seven-atom 
salt when the flasks were shaken. 

In reviewing this long series of experiments, in connection also withthe 
singular activity of the drops of the solution exposed during the periods 
of bright weather last summer, when the wind was often easterly, 1 w# 
led to suspect that ozone was the force I had so long been in search 0 : 
Accordingly a few days ago, when a damp fog prevailed, and the oils 
&c., were singularly inert, I put a bit of scraped phosphorus into’ 
wet tube, and then poured in some oil of cajuput. In the coum 
of a few hours the oil became as singularly active as it had before 
been inert. The solutions immediately became solid as soon as @ dip 
of the phosphorised oil touched the surface, or on gently shakitg 
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the flask. On the 4th and Sth of January the air was still, but dark 
with a wet fog, accompanied now and then by a small rain, a state of 
weather which experience had shown to be hopeless as to any nuclear 
action on the part of the oils; but on these days drops of phosphorised 
oil of cajuput, castor-oil, and benzole produced the immediate solidifica- 
tion of solutions of sodic sulphate and of alum. I may also add that 
a minute bit of phosphorus was eminently nuclear, and also newly 
prepared phosphoric acid, whether dry or in aqueous solution. 


’ (Addendum.) Reveived January 22, 1878. 

In the series of observations referred to in the above note, the nucleus 
chiefly employed was oil of cajuput, with occasional reference to castor- 
oil and benzole. The reason why these three were selected was that 
after using them, the flasks could be easily cleaned by means of spirits 
of wine, preparatory to a fresh charge. Another reason was that, by 
working chiefly with one oil and with solutions of uniform strength, the 
results were more likely to be comparable than if a number of oils and 
solutions of different degrees of strength were used. The necessity 
for clean flasks, as insisted on in my former papers, was abundantly 
confirmed, especially on days when the wind was northerly and north- 
easterly. On such occasions, if any traces of the oil used in previous 
experiments remained in the flasks, the solutions would often solidify 


_ In cooling, or on being carried from room to room, although the mouths 


of the flasks were covered with paper caps or small beakers. The 
flasks chiefly used have oval bulbs of the capacity of 1} oz., with stems 
3 inches in length and about 3 inch in diameter. Each bulb was filled 
about half with the filtered solution by means of a small funnel witha 
long stem, and this was dipped into water after each charge, so as not 
to soil the neck of the next flask. ach flask was then reboiled until 
steam issued from the neck, when it was removed from the lamp, its 
cover was put on, and it was then set upright in a rack to cool. These 
narrow-necked flasks, if clean, retain the solutions admirably; they 
may even be left uncovered during many hours, and even days, espe- 
cially if the necks are inclined towards their support. An uncovered 
flask has thus remained a fortnight without change. 

Several eminent observers have stated with great persistency that - 
oils have no nuclear action on supersaturated saline solutions; or if 


_ they appear to be active, their activity is due to minute particles of the 


salt in the air or in the oils themselves. In order to get rid of these 
Supposed nuclear particles, I distilled a number of active essential oils, 
and found the distillates to be inactive, thus apparently justifying | 


‘the Objection referred to. J also found that ether, methylated spirits 


of wine, wood spirit, naphtha, benzole, and a few other liquids, were 
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active on certain days and inactive on others; that when these wen: 


active their fresh distillates were not, or at least that they requitel 
time in order to become nuclear. When first added to the solution 
the flask could be shaken, and a good deal of the modified salt wonl 
be thrown down, and then perhaps after a half-an-hour or an honr; 
repose the solutions would become solid, although the flasks wor 
covered again after the drops had been added to the solutions. I aly 
found that different specimens of the same oil, &c., in separate bottle, 


sometimes behaved differently on the same day, and: even that 


active essential oil might be made inactive simply by filtering. 

But no sooner was I led to the conclusion that ozone, or an oxidised 
condition, has a powerful influence on the nuclear action of oils, &, 
than the reason for the various contradictory results became plain to 
me. Supposing that other observers worked with what would appear 
to be the best, that is, with pure materials (Lowel, for example, 
recrystallised his sodic sulphate, and used distilled water for his sole. 
tions), the fixed oils used by them would probably be recently refined 
and the essential oils redistilled. Hence it is now apparent to me how 
it was that they obtained negative results, while the very precautions 
against the entrance of nuclei, as taken by M. Viollette and Mr. Liver. 
sidge, were such as to deprive the oil of nuclear action, by a off 
the influence of the external air.* 

In order to illustrate this influence more fully, I will describe @ fer 
out of a large number of experiments that I have recently made. 

An oil of turpentine, that had stood on my shelf during many years, 
was found to be powerfully active. A portion of it was redistilled, and 
the distillate had no action in solidifying the solution of sodic sulphate 
(2 to 1), although the flask was repeatedly shaken during the day.f 
_ A portion of the distillate, contained in a dropping-tube, was taken 
into the open air and allowed to fall drop by drop into a small clean 


beaker. The oil immediately became active, several of the last-namel | 
solutions becoming solid as soon as the oil reached the surface, or 00 | 


gently shaking the flask. 
But in such a case, as it has been affirmed over and over again, the 


* Mr. Liversidge (“ Proc. Roy. Soc.,” xx, 427) took up oil.in a dropping- sabe | 
and then closed its upper opening, and passing the tube through a plug fitted t 7 
tightly into the neck of the flask containing the supersaturated solution. After © 


waiting an hour or two, lest any nuclear particles should have entered the flask, he | 


allowed a drop of oil to fall upon the solution. Under such conditions he fount 
the oil to be inactive. Using the same method, I found that the phosphorised oil of 
cajuput, an oxidised oil of turpentine, ether, and absolute alcohol were active: 
so also was glacial acetic acid, but not so promptly as the others. : 

¢ 8th February. I have since noticed that during a north or a north-east wind, 
the distillate of oil of turpentine may become nuclear while being transferred from 


the condenser to the dropping-tube. In some cases hydric peroxide may be the 
force that confers the nuclear action. 
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oil j i falling through the air, must have caught up particles of sodic 


| sulphate, and these, and not the oil, formed the true nucleus. 


To meet this objection, I took a portion of the same solution, con- 
tained in a wide-necked flask, to the same spot in the open air of my 
en, and with a clean dropping-tube, just taken out of water, raised 
a quantity of the supersaturated solution, and allowed it to fall through 
the air drop by drop into the flask. This was done repeatedly, a south- 
easterly wind blowing gently at the time, but the solution remained 
unchanged. 
An old oil of lavender (isdn ** Mitcham”) was active. It was 
redistilled and treated as in the preceding case, with the same results. 
Methylated spirits of wine were inactive during a south wind, but — 
soon became active on being allowed to drop through the air in my 


garden. Benzole became similarly active, but not quite so readily. 


An old paraffin oil (marked “ Belmontine”) was active. Its distil- 
late was inactive, but on adding to it a few drops of ozonised water, it 
became active. 

A solution of sodic sulphate, to which some dro ps of oil of cajuput 
had been added the day before, did not solidify, although the solution 
had been repeatedly shaken in the flask. A few drops of ozonised 
water were added, and the solution became solid on gently shaking 
the flask. 

Oil of sweet almonds was inactive; but on being dropped through 
the outer air, it became active. About twenty old essential oils were 
all powerfully active. 

A piece of apple, cut from the centre of the fruit, | was inactive; 
several pieces, similarly cut and exposed to the air until they had be- 
come brown, were active. 

Bits of sponge, which were described in my former paper as being 
inactive, were found to be active during a northerly and north-easterly 
wind. The same remark applies to charcoal. 

These experiments may suffice to show what is really the function 
of the air with respect to nuclei, and to account for and bring into 
harmony with a general principle a large amount of contradictory 
evidence on the part of many observers, which, during three-quarters 
of a century has disturbed this branch of physico-chemical science. 

Why the oils, &c., in their oxidised condition are nuclear, and in 
their pure condition not, is a question which I am now endeavouring 


answer. 
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IV. “Sur une Equation Différentielle du 3me Ordre.” By 
Prof. FRANCESCO. BRIOSCHI. Communicated by W. Sporty. 
woopE, M.A., Treas. Roy. Soc. Received February 1g 
1878. | | 


1. Dans une note qui va paraitre dans le Vol. [Xme des “ Annaj 
di Matematica,” et de laquelle j’ai l’honneur de présenter un exen. 
plaire 4 part 4 la Société Royale, j’ai considéré l’équation différentiell 
linéaire du second ordre : 


étant h une constante, et n un nombre positif entier. Cette équation 
différentielle, qui pour » pair coincide avec celle que Lamé avait ren. 
contrée dans ses études sur les surfaces isothermes, et 4 laquelle 
Mr. Hermite a dédié récemment ses importantes recherches, a la pro. 
priété trés-rémarquable, pour le cas de nm impair, d’étre intégrable 
algebriquement. Soient ¥:, deux intégrales particulieres de l’équation 
différentielle (1); on a, comme il est connu, que: 


dy: 
C constante, et en conséquence si l’on pose: 
Y2 


on aura l’équation différentielle du troisiéme ordre : 


[7 jut 2 2) + h)=0 (3) 


ayant désigné avec Mr. Klein par [7], l’expression : 


log — de log — 
du du 
du 


2. En posant: 
dn?u 
et 2"), 1 on peut transformer Péquation différentielle (3) au moyen 


de la formule générale : 
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et on obtient aprés quelques réductions l’équation suivante: 


dans laquelle : | | 
(@—e2) (7—es) 


Cette équation différentielle (4), qui est de la forme de celle considerée 
ily a longtemps par Mr. Kummer dans ses recherches sur les séries 
hypergéométriques de Gauss, peut s’intégrer au moyen des résultats 
obtenus dans la note rappellée ci-dessus. En ‘effet en posant y,y.=1, 
| on déduit trés-facilement de l’équation (2) que: 


OU aussi : 


Mais pour le cas de n pair = 2m, on a: 


v=t(2) 
étant ¢(~),'un polynome en 2 du dégré m, dont les coefficients sont des 
fonctions déterminées de h, On aura.donc dans ce cas: 


CZ (a) 
n=e 
ayant pose : 
da 
V 
Dans le cas que n impair = 2m+1, ona: 
v={(2) 


¢(2) étant encore un polynome en 2 du dégré m, et £ une racine de 
léquation @(x)=0, c’est-d-dire Dans ce cas en posant 
=(a@—£) u(x), on aura: 


dee 
Z(2)=| (@—£) we) 


intégrable par des fonctions logarithmiques. En posant: 
= Vu(2) — V —2(@—a) 
to(a) = Vu(@) + 
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on a ainsi pour » impair: 
11, 216%) 
ou ws est une racine de l’équation ¢(z) =0. 

3. Si dans l’équation (4) on suppose: 


h(es—e1) = 2) 


on: hee 


et g.=0, l’équation méme devient : 


+ 2n + 


1 
Soit on aura: 


A 
[n? + 2n + 24—(n—1)(n+38)z] 


et | [2]. = 

en conséquence |’équation de : 


On en déduit que en posant: 


n= F(a, B, %, 2 ) 
F(a, B, 1—z) 
désignant par une série hypergéométrique. 
Ces séries sont donc exprimables, dans le cas que j’ai ici considéth 
par la fonction Z(«) introduite supérieurement. : 


on aura: 


Analoguement si l’on suppose g;=0, on trouvera en posant : 
92 =: 
pour a, B, y les valeurs suivantes: 
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February 28, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President, in the Chair. 
The Right Hon. Sir William Henry Gregory was admitted into the 
Society. 
The Presents received were laid on the table, and thanks ordered 


for them. 


The following Papers were read :— 


I. “On certain Definite Integrals.” By W. H. L. RUSSELL, 
| F.R.S. Received January 10, 1878. 


The integrals in the three preceding papers may nearly all be in- 
cluded under the following general theorem :— 

Let ... which series is, of course, 
supposed to be convergent, aad let. U bs a general functional symbol, 
such that | 


+ux(1) a+... 


and let y(0)=/Udo, x(1)=fUVd0... x(r)=/UV'd0... the inte- 
grals being supposed to be taken within certain limits: then 


The following integrals require for the most part other methods to 
determine them : 


de eta, 2ae 
—2a cos «+ a?) 


More generally we may obtain 


dz 
(1+27)"(1—2e cosa+a?) (65.) (1—2a cos 
(66.) dex sin ae (67, cos ax 


(1+2*)" sin be (1 "cos ba 

(68, dx sin 69. ae 
sin ba 1+2” cos bz 
(70.) 
(1+a+ a’) sin az—asin daz) (1+2?)" 
(l—a?)de* 
((1+a+a*) cos az+acos 
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The integral (68.) calls for some particular remarks, Since by.th 
ordinary rales : 
sind+sin30+ ...sin (2r+1)0=" (2r+8)04 sin 


2(1—cos 20) 


whence also : 
2 sin be —sin (2n+3)ba+sin (2n+1)ba 


© dz sin az sin ba ” dz sin aa sin 3ba 
=2 2 


‘9{ desin ax sin (2n+ 1) ba 
+ 


Now ax sin be=cos (b—a)z—cos (b+a)z 
2 sin ax sin 3b2=cos (3b—a)a—cos (3b + 


dz cos mx 

1 + | 

Where —¢:, —¢2, —C3..—C¢s are all the roots of the equatim 
a**-+1=0 which have a negative modulus, and C;, C2, C3... Cy are cer 
tain constants whose values have been assigned by Poisson: hence 


w 2 sin ba —sin 


— 2n+8)b 


Now let (7) increase without limit, then 
sin(2n+8)beccsin 2n( 142 Sas. 
n | 
sin(2n + 1)ba=ain 2n(1 
n 


Hence the integral in the second member vanishes, and 


‘ = . (s terms). 


It is scarcely necessary to observe, that this process implies that (0) 


must be less than (b), otherwise the integral as here wel 


will be discontinuous. 
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Now let us define four quantities, Ps Pas Ps Mas thus 


1 1 
then we shall have 
dz 
| 


(76.) * d0cosrO _ 7 Dar 
+r 


r Pi fe 9 3 . 4, Pa 
™ dé. cos al 
\ 1+a*cos*@ ° 


Qe Py 


2a 
(78.) \; dé cos log, 
0 


=r{sina+sin “(p2/3—pi)a}, 


(77.) 


+r loge (1+ V1 +a’). 
0 


(80.) From (79.) we can immediately deduce 


m +m cos 8 
1+2m cos 0+ m? 


(81.) If we denote integral (78.) by p, and (80.) by q, we have at 


once 


dé log. (1+.a* cos *0). 


log. (1+a? cos*0) p— 
1+2m cos 0+m’ 
K 2 
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More generally we may obtain 


| 1+a’ cos’é 


(85.) d0 log. (1 +4" cos 
0 


do o. (1+a’cos’6). 
(84) loge ( 1+2m cos 6+ 


and many others. 


II. “On the Reversal of the Lines of Metallic Vapours.” By 
G. D. LIvEIne, M.A., Professor of Chemistry, and J. Dewar, 
M.A., F.R.S., Jacksonian Professor, University of Cam 
bridge. No. I. 


Since the celebrated paper by Kirchhoff, ‘On the relation between the 
radiating and absorbing powers of different bodies for light and heat,” 
in which he detailed the remarkable experiments of reversing the 
lines of lithium. and sodium by sunlight and by the vapours of those 
metals in the flame of a Bunsen’s burner, and mentioned the reversal 
of the brighter lines of potassium, calcium, strontium and barium 
when the deflagration of the chlorates with milk-sugar was used 
instead of the flame of a Bunsen’s burner, further researches m 
the same direction have been made by Cornu, Lockyer, and Roberts. 
The method adopted by Cornu, which had been previously used 
by Foucault, is ove of great ingenuity, dependent upon so arrang- 
ing the electric arc that the continuous spectrum of the intensely 
heated poles is examined through an atmosphere of the metallic 
vapours volatilized around them. By this means Cornu succeeded i 
reversing several lines in the spectra of the following metals in add 
tion to those above-mentioned, viz., thallium, lead, silver, alumimum, 
iagnesium, cadmium, zinc, and copper. He observed that in general 
the reversal began with the least refrangible of a group of lines, and 
gradually extended to the more refrangible lines of the group; and he 
drew the conclusion that a very thin layer of vapour was sufficient for 
the reversal. It may be noted that in almost every case the lines seét 
by him to be reversed were the more highly refrangible of the lin 
characteristic of each metal, confirming generally the opinion express 
by Stokes in a letter to Lockyer in the Proceedings of the Roy# 
Society for 1876, in which he introduces for the first time the idea d | 
the persistency of different rays with reference to temperature. 

The method adopted by Lockyer in the first instance was to view 
the electric arc through the vapours of the metals volatilized i 4 
stream of hydrogen in a horizontal iron tube. 
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The iron tube had its ends covered with glass plates, and was s heated 
‘na furnace supplied with charcoal. By this means he did not succeed 
in observing any new reversal of bright lines, but he noticed an un- 
known absorption line which sometimes appeared when zinc was expe- 
rimented on. He confirmed, however, the channelled-space absorp- 
tion spectra observed by Roscoe and Schuster, in the cases of potas- 
sium and sodium, and recooded channelled-space spectra in the case of 
antimony, phosphorus (?), sulphur (previously observed by Salet) and 

arsenic (probably). ‘‘As the temperature employed for the vola-— 
tilization of the metals did not exceed bright redness, or that at which 
cast-iron readily melts, the range of metals examined was necessarily 
By : limited; and in order to extend these observations to the less fusible 
metals, as well as to ascertain whether the spectra of those volatilized 
at the lower temperature would be modified by the application of a 
greater degree of heat,” a new series of experiments were undertaken 
by Lockyer and Roberts, in which the combined action of a charcoal 
the furnace and the oxy-hydrogen blowpipe was employed. By this 
.” _means they obtained no new reversal of a metallic line, but they 
the observed channelled-space spectra in the cases of silver, manganese, 
chromium, and bismuth. They observed, however, that the metal 
thallium gave the characteristic bright green line, the light of the arc 

being reversed. 

In the above-mentioned experiments the coolness of the ends of the 
tube, which acted as condensers of the metallic vapours, and the 
inequality of density and temperatures necessarily produced by the 
maintenance of a current of hydrogen in the tube, appear to us to 
account for the complication and uncertainty of the results of the 
observations. 

In order to examine the reversal of the spectra of metallic vapours, 
we find it more satisfactory to observe the absorptive effect produced 
on the continuous spectrum emitted by the sides and end of the tube 
in which the volatilization takes place. For this purpose we find it 
convenient to use iron tubes about half-an-inch in internal diameter, 
and about 27 inches long, closed at one end, thoroughly cleaned inside, 
and coated on the outside with borax, or with a mixture of plumbago 
and tireclay. These tubes are inserted in a nearly vertical position in 
a furnace fed with Welsh coal, which will heat about 10 inches of the 


he 


05 tube to about a welding heat, and we observe through the upper open 
, end of the tube, either with or without, a cover of glass or mica. To 
al exclude oxygen, and avoid as much as possible variations of tempe- 


rature, we introduce hydrogen in a gentle stream by a narrow tube 
into the upper part only of the iron tube, so that the hydrogen floats 
on the surface of the metallic vapour without producing convection 
currents in it. By varying the length of the small tube conveying the 
“hy trogen, we are able to determine the height in the tube to which the 
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able quantity, with the vapour of a body boiling at a much lowe 
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metallic vapour reaches, and to prevent further displacement of thy 

vapour, and thus to maintain different lengths of the iron tube fall¢ 
metallic vapour at a comparatively constant temperature for considen | 
able periods of time. 


By this means the following observations have been made up to th 
present time. 

The first metal experimented on was thallium, one of the mos 
volatile of metals. On inserting some pieces into the hot tube, we had 
at first great difficulty in avoiding oxidation at the upper surface, and 
we observed no reversal. However, after arranging the current of 
hydrogen so as to keep the tube free from air, but without any rapid 
movement of the gas, we succeeded in seeing the characteristic ling 
reversed, and maintained it so for a considerable time. | 

The metal indium, closely allied in its behaviour and volatility t 
thallium, was next examined, and although the amount of this metal | 
at our disposal was not large, we observed the bright blue ling 
reversed. This was most plainly visible when that portion of the 
vapour which was nearest to the sides of the tube was looked through. 

We had great difficulty in preventing the oxidation of magnesium 
in the tube, and in using tubes wider than half-an-inch did n0 
succeed in getting any reversal, but with half-inch tubes the b lines 
were clearly and sharply reversed, also some dark lines, not measurel, 
were seen in the blue. The sharpness of these lines depended on the 
regulation of the hydrogen current, by which we could cool the upper 
stratum of vapour at will. : 

A piece of metallic lithium was introduced, and gave no results. 
Sodium was next added in the same tube, and this did not bring ont 
the reversal of the lithium lines. Similarly, chloride of lithium and 
metallic sodium, introduced together, gave no better results. Toa | 
tube containing potassium vapour, some lithium chloride was added, 
but no lithium line appeared. On adding metallic sodium to this 
atmosphere, and more lithium chloride, the bright-red lithium line | 
appeared sharply reversed, and remained well defined for a long time 
It: is worthy of observation that the lithium line was only reversed it 
a mixture of the vapours of potassium and sodium, and it seems highly 
probable that a very slightly volatile vapour may be diffused in @ 
atmosphere of a more volatile metal, so as to secure a sufficient depth | 
of vapour to.produce a sensible absorption. This would be analogptt 
to well-known actions which take place in the attempt to separa? 
organic bodies of very different boilin g points by distillation, wheres 
substance of high boiling point is always carried over, in consider 


temperature. It is a matter for future investigation how far chemic#l 
interactions taking place in a mixture of metallic vapours affect the 
volatility of a third body, and what relation, if any, this may have 
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} such phenomena as the increased fusibility of mixtures of salts of 
potassinm and sodium, and the well-known fluidity of the alloy of 
those metals. | 

As we have had occasion to use sodium and potassium in our tubes, 
we have had opportunities of observing the absorption spectra of these 
metals, and we find that there is a great deal yet to be observed in 
regard to these spectra. Up to the present time, we have. not observed 
any of the appearances noted by Lockyer, “ On a new class of absorp- 
tion phenomena,” in the Proceedings of the Royal Society, vol. xxii, 
but we have repeatedly noted the channelled-space spectrum of sodium 
described by Roscoe and Schuster in the same volume of the Proceed- 
ings. We observed in our tubes no channelled-space absorption by 
potassium, but continuous absorption in the red, and one narrow 
absorption band, with a wave-length of about 5,730, not correspond- 
ing with any bright line of that metal. : 

With reference to the absorption spectrum of sodium vapour, we 
may remark that it is by no means so simple as has been generally 
represented. The fact that the vapour of sodium in a flame shows 
only the reversal of the D lines, while the vapour, volatilized in tubes, 
shows a channelled-space absorption corresponding to no known 
emission spectrum, appears to be part of a gradational variation of the 
absorption spectrum, which may be induced with perfect regularity. 
Experiments with sodium, carried out in the way we have described, 
exhibit the following succession of appearances, as the amount of 
vapour is- gradually diminished, commencing from the appearance 
_ when the tube is full of the vapour of sodium, part of it condensing 
in the cooler portion of the tube, and some being carried out by the 
slow current of hydrogen. During this stage, although the lower 
part of the tube is at a white heat, we have always noticed, as long as 
the cool current of hydrogen displaced metallic vapour, that, on looking 
down the tube, it appeared perfectly dark. The first appearance of 
luminosity is of a purple tint, and; with the spectroscope, appears as 
a faint blue band, commencing with a wave-length of about 4,500, 
and fading away into the violet. Next appears a narrow band in the 
green, with a maximum of light, with a wave-length of about 5,420, 
diminishing in brightness so rapidly on either side as to appear like a 
bright line. This green band gradually widens, and is then seen to be 
divided by a dark band, with a wave-length of about 5,510. Red 
light next appears, and between the red and green light is an enormous 
extension of the D absorption line, while a still broader dark space 
intervenes between the green and the blue light. The dark line in 
the green (wave-length about 5,510) now becomes more sharply 
defined. This line appears to have been observed by Roscoe and 
Schuster, and regarded by them as coinciding with the double sodium 
ine next in strength to the D lines, but it is considerably more refran- 
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and finally, in the red. Gradually the light extends, the channg’ 
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gible than that double line. In the next stage, the channelled. -5pAg 
spectrum comes out in the dark space between the green and bly 


disappear, the D line absorption narrows, but still the dark li, 
in the green is plainly discernible. Lastly, there is only D ling 
absorption. So far as we can judge, the blue and the streak of grem 
light at first observed are due to luminosity of the vapour itself, wher 
it is somewhat cooled, the later stages being mixed ——— of 


absorption and emission. 


As the absorption line, with wave-length about 5,510, which we my 
call for shortness the second absorption line of sodium, has not be 
distinctly recorded by other observers, we have endeavoured to tram : 
it under somewhat different conditions from that of the vapour vole | 
tilized in white hot iron tubes. This absorption-line is easily sem 
when a gas flame is observed through a horizontal glass tube, about 
three inches long, containing sodium volatilized in the middle of the 
tube by the heat of a Bunsen’s burner, and equally well whether the 
tube contains hydrogen or nitrogen besides sodium. We have alw 
observed the same absorption line when a piece of commercial mag. 
nesium ribbon (which always contains sudium) is ignited in a hor: 
zontal position, so that the metal melts and produces an elongated 
flame. It is of some interest to note that absorption lines of about this 
wave-length, in the solar spectrum, are given by Kirchoff and Angstrom 
not corresponding with emission lines of known elementary bodies. 
_ When potassium vapour is observed, whether in the iron tube oria 
a glass tube, an absorption line is seen, with a wave-length of abont 
0,730, which is more refrangible than the yellow double emission line 
of potassium, and does not correspond to any known bright line of 
that metal. 

We reserve, for a future communication, the discussion of the identity 
or non-identity of these absorption lines with lines in the solar spectram 
and the inferences which may be drawn from such determination. 

The method of observation we have described may be used to observe 
emission spectra as well as absorption spectra, for if the closed end d 
the tube be placed against the bars of the furnace so as to be relatively 
cooler than the middle of the tube, the light emitted by the vapours 
the hottest part is more intense than that emitted by the bottom d 
the tube. This succeeds admirably with sodium, but we have né 
specially observed it with other vapours. 
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Ill. “Contributions to the Physiology of Batrachian Lymph- 
Hearts.” By JOHN PRIESTLEY, Assistant-Lecturer in Physi- 
ology in Owens College, Manchester. (From the Physio- 
logical Laboratory of Owens College.) Communicated by 
Professor ARTHUR SAMGEE, F.R.S. Received January 31, 
1878. 


The following paper contains a summary of observations made in 
order to obtain data for a comparison between the blood-heart and 
lymph-hearts of frogs. The comparison is to include the actions of 
electrical currents and of the so-called cardiac drngs, atropia, physo- 
stigma, muscaria, antiar, &c.; but this paper will treat only - the 
electrical portion of the work. 

_ Before proceeding to the collection of facts especially fitted for com- 
| parison, the normal anatomical and physiological arrangements of the 
lymph-hearts were examined; and, as the result of this examination, 
| the author is able to confirm the discoveries of previous observers in 
| the following points :— 

1. The lymph-hearts of Rana temporaria are muscular sacs, whose 
walls consist of branched, arastomotic, transversely striated muscular 
fibres, abundantly nucleated (Leydig,* Waldeyert). A cursory exami- 
| nation failed to discover any ganglionic nervous elements among the 
muscular fibres themselves, their absence having already been noticed 
by Volkmann? and Waldeyer ;§ but nerve-ganglia are said to be found 
near the Se in their connective tissue environment (Waldeyer).|| 

2. The lymph-hearts beat with a mean rate of 60-70 a minute, and 
are independent in their rhythm of one another, of the blood-heart, 
and of the respiratory movements (J. Miller). But the normal pul- 
sation is not quite regular, being occasionally broken by sudden pauses 
or by periods of increased rapidity of beat. These interruptions seem 
to be partly due to movements of the animal, but in part to hitherto 
undefined causes. 

3. The hearts receive nerve-fibres from the spinal cord, which de- 
scend in the second and tenth spinal nerves respectively for the anterior 
and posterior pairs of hearts (Volkmann,** Eckhard,tt Schiff tt 


* Leydig, Lehrbuch der Histologie, 1857. 

t Waldeyer, Henle u. Pfeufer’s. Zeitsch. fiir rat. Med., 3rd Series, vol. xxi, 1864. 

t Volkmann, Miiller’s Archiv, 1844, p. 419. 
§ Waldeyer, loc. cit. || Waldeyer, loc. cit. 

{ J. Miller, Philosophical Transactions of Roy. Soc. London, 1833. Poggen- 
dorff’s Annalen, 1832. Miiller’s Archiv, 1834. 

+ Volkmann, loe. cit. 

tt Eckhard, Henle u. Pfeufer’s Zeitsch., 1849, vol. viii. 

R Schiff, Henle u. Pfeufer’s Zeitsch., 1850, vol. ix. 
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4. The normal rhythm of the heart is dependent on the sound a 


of certain regions of the spinal cord, viz., for the anterior pair, of fy! “ 
region opposite the 3rd vertebral body (Volkmann*), for the posterg: P 
pair, of the region opposite the 6th. This statement is a corpegtig 
of the view commonly held in respect of the spinal region concer)’ | 
in the rhythm of the posterior hearts ; for all previous observers sen HE 1, 
to have followed Volkmann in saying that the region of the 8th vera HE 
bral body is that implicated. & 
If these regions are injured, or if the nerves proceeding from then im ly 
to the hearts are intercepted, either the hearts are brought to rest pep 4 
manently, or their natural pulsation is disorganised and reduced fori in 
long time to more or less irregular fluttering. These spinal centry 
seem capable of inhibition by strong sensory (afferent) stimuli, evenin Mm 4 
the absence of the encephalon. ae 
5. The natural pulsation of the lymph-hearts is constantly controlled HM ;, 
from an encephalic inhibitory centre in the optic lobes, separation from HN }, 
which is, therefore, at once followed by increased rate of best % 
(Suslowa.)t This mhibitory centre is said by Goltz t to be rousel 
into stronger action by powerful mechanical stimuli proceeding along n 
the vagi from the heart, or proceeding from the abdominal viscera il 0 
the Elopfversuch. 
6. The disorderly contractions that follow division of the lymph t 
cardiac spinal nerves may give place to a regular pulsation | 
(Kekhard,§ Schiff,|| Heidenhain §). The restoration does not usually 


take place until after many days, but when established, the rhythmiel 
beating is independent of the spinal cord, not ceasing, like the pul 
of normal lymph-hearts, when the central nervous system is destroyel | 
(Goltz,** Waldeyertt). The cause of these movements is not ya) 
fully understood ; but the movements themselves are abolished iy] 
local or general application of curare in solution. 


Action oF ELectricaL CURRENTS ON THE LympH-Hegarts OF FROGS. 


A complete description of the action of electrical currents on ti 
lymph-cardiac mechanism includes the action of induced currents all 
of constant currents. The latter were generated by Grove’s or Daniell 
elements, the former by a Du Bois’ induction coil. The portions oft 
lymph-cardiac apparatus tested were brought into the cireuts PY appl 


* Volkmann, loc. cit. 


+ Suslowa, Centralblatt f. med, Wis. 1867, p. 832. Henle u. Pfeufer’s Zeit, 
1868. 


t Goltz, Centralblatt f. med. Wis. 1863, p.17; p. 497. Ibidem, 1864, P. 62 
§ Eckhard, loc. cit. || Schiff, loc. cit. | 


{ Heidenhain, Disquisitiones de nervis cordis, etc. Berlin. 1854. (Diseetalia 
** Goltz, loc. cit. tt Waldeyer, loc. cit. 
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cation either of common non-polarizable electrodes or of electrodes of 
platinum wire. 


T—Action oF InpucEp INTERRUPTED CURRENTS. 


a. On thelymph-cardiac muscle detached from its nerve (as an ordinary 
voluntary muscle may be detached) by means of cuwrare.—The electrodes 
were laid on the back after the removal of the skin, as close to the 
B posterior lymph-hearts as possible. Under these circumstances the 
lymph-hearts behave exactly like the surrounding striated muscles, not 
differing from them to any remarkable extent, either in minimal sti- 
mulus or in mode of contraction. 

b. On the lymph-cardiac spinal nerves after anatomical separation from 
the lymph-cardiac spinal centre.—The spine and cord were snipped 
through at the level of the 7th vertebra, and one non-polarisable elec- 
trode was applied to the exposed lower end of the cord; while the 
back of the 8th vertebral arch was removed, and the other electrode, 
well moistened with normal saline solution, was introduced at the 
window so made. Ora pair of platinum electrodes were slipped be- 
neath the abdominal branch of the tenth spinal nerve running to one 
of the posterior hearts, the heart having previously been brought to 
rest by division of the same branch near the coccygeal foramen. Under 
these circumstances the lymph-cardiac muscle-nerve preparation he- 
haves like any ordinary muscle-nerve preparation, except that it pos- 
sesses a much larger minimal stimulus. 

If contact between nerves and electrodes were not very perfect in the 
| spinal canal, or if currents near the minimal stimulating point were 
employed, the usual firm tetanus of the lymph-hearts became broken 
into a series of explosive, beat-like, or twitching movements. But, 
under similar conditions, ordinary muscle-nerve preparations re-act in 
similar manner. | 
¢. On the lymph-cardiac spinal centre separated from the encephalic © 
inhibitory centre.—T he frog was decapitated, and all the spinal nerves 
were divided except the tenth. Windows were cut into the back of 
(@e the spinal canal, opposite the 5th and 8th vertebre, and into the 
d windows well-moistened non-polarizable electrodes were pushed. Or 
ifm the spinal canal was opened from the 5th to the 8th vertebrw, and 
e platinum electrodes slipped beneath the cord or made to touch 
the cord lightly one at each side at the level of the 6th vertebra. 
| Under these circumstances sili ght currents, strong enough to con- 
tract at the same time the ilio-coccygeal muscles, slowed the 
lymph-hearts ; stronger currents inhibited the hearts in diastole, and 
still stronger currents caused a tetanic systole of the hearts like the 
_ Simultaneous tetanus induced in neighbouring nerve-supplied muscles. 
he strong currents sufficient 10 cause in this manner prolonged 
diastolic inhibition of lymph-hearts still dependent on their spinal 
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centres, are also of a strength to cause powerful tetanus of the gy 
lymph-hearts when applied to their nerves in the spinal canal, a8 | 
cribed under 

It should be noticed that the same explosive, pulse-like movemeg 
occurred here as under b, when the conditions were similar. 

This action of the interrupted induced current on the lymph-caniy 
spinal centres is not abolished by the local or systemic exhibition ¢ 
solutions of atropia. 


II. Action or Constant CURRENTS. 


The currents were applied to the structures tested by means ¢ 
non-polarizable electrodes of ordinary form. 

a. On the lymph-hearts brought to rest by separation from their rial 
centres. —After operations involving extensive bleeding, separatiq 
from their spinal centres is, in nearly all cases, followed by permaner 

—gtand-still of the dependent hearts. In the experiments described th 
frogs were decapitated and eviscerated, all the spinal nerves exoug 
the tenth were divided, and the thighs amputated in order to obviai 
any disturbing muscular movements. The electrodes were applied # 
the base of the back near the heart to be examined, sometimes int 
direction laterally across the heart, and sometimes in the longitudinl 
axis of the heart; or the heart was carefully excised with its surroun 
ing connective tissue, placed upon the clay of one electrode, al 
lightly touched with the point of the other. In the latter wayd 
experimenting no attention was paid to the relation of the currenth 
the axes of the heart, on account of the small size of the organit 
R. temporaria. Under these circumstances with various strengths d 
battery from 2-3 small Daniell’s cells to 16-18 Grove’s, nothing bi 
ordinary opening and closing contractions could be caused. 

b. On the lymph-hearts still beating in normal dependence on ther 
spinal centres.—The electrodes were placed either on the lateral or th 
longitudinal axes of the hearts, as in a. Under these circumstanc, 
in whatever direction the current flows, the pulsation of the hearts ry 
hampered or inhibited, the hampering affecting rather the depth that 
the frequency of the beats. 

c. On the lymph-cardiac spinal centres.—The well-softened electrode 
were pushed in at wiudows opening into the spinal canal through tht’ 
5th and 7th or 8th vertebral arches, after the frog had been decapitatel 
and the spinal nerves, except the tenth, all divided; or one electro 
was placed on the upper end of the cord exposed in decapitation, while 
the other was placed in the window through the lower vertebral arch 

a. On the acting spinal centre.—Different results were obtained acco 
ing to the direction and strength of the current; varying from ar 
stand-still in diastole to pulsation much more rapid than normal; bib 

all seem capable of explanation by the aid of the ‘mown laws @ 
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‘electrotonus, the known effect on the neutral line of varying battery 
wer, and the assumption of a stimulating influence of the current 
per 86, which may counteract the depressing effects of the anelectrotonic 
te. 
x On the spinal centre exhausted by the effects of operative proce- 
dure, exposure, etc. Restoration to activity follows the passage up or 
down the cord of a current for 1-2 Grove’s cells. Such restoration 
the author does not think it possible to attribute in every case to the 
presence of favouring katelectrotonus; it must be set down to astimu- 
lation by the current per se. | | 
ans ¢ y. On the spinal centres of hearts inhibited by stimulating with strong 
: NaCl solutions the upper exposed end of the cord of a decapitated 
Qe frog. The electrodes were inserted into the spinal canal through 
ratio windows in the 5th and 7th or 8th vertebral arches. Under these 
aN circumstances the hearts cannot be set going by passing a current 
od tit through the spinal centres, unless, perhaps, when the current is very 
aK Cap strong (from 5-6 Grove’s) ; and then only when the anode is above the 
Dri spinal centres, and, therefore, in a position to intercept the descending 
edt inhibitory stimulus by means of the anelectrotonic state which it 
Sie induces. 
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IV. “On the Structure of the Stylasteride, a Family of the 

ay Hydroid Stony Corals.” By H.N. F.R.S., Fellow 

ath of Exeter College, Oxford, late Naturalist on board H.M.S. 

‘Challenger. ‘Received January 22, 1878. 
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actions. Third Series. Vol. V. 8vo. 1877. The Sociey F 
London :—British Pharmaceutical Conference. Transactions ati 
Fourteenth Annual. Meeting held in Plymouth, August, (7am. 
(Year Book of Pharmacy, 1877.) 8vo. London 1877. } 
The Conferey 
Tron and Steel Institute. Journal, 1877. No. 1. 8vo. © I 
The Institay 
Royal Astronomical Society. Memoirs. Vol. XLIII. 4to, ] 


Monthly Notices. Vol. XXXVII. No. 8, 9. Vol. XXXVI 
No. 1. 8vo. 1877. The 
Shanghai:—North China Branch of the Royal Asiatic Soi a 
Journal. New Series. No. 10, 11. 8vo. 1876-77. The Socie 
Ziirich :—Allgemeine Schweizerische Gesellschaft fiir die gesammta 
Naturwissenschaften. Neue Denkschriften. (Nouveaux lh 
moires.) Band XXVII. 4to. 1877. The Socie 


Reports, Observations, &e. | 
Cambridge:—Sthdies from the Physiological Laboratory i in thy 
University ; edited by the Trinity Prelector in Physiology 
Part 2, 3. 8vo. 1876-77. Dr. Michael Foster, 
Dun Echt :—Observatory. Publications. Vol. II. Mauritins i 
pedition. 1874. Division 1. Determination of the Soa 
Parallax by Observations of the Minor Planet Juno (3) 4 
Opposition. 4to. Aberdeen 1877. | Lord Lindsay: 
Greenwich:—Royal Observatory. Astronomical and Magnetial 
and Meteorological Observations made in 1875, under tt 
direction of Sir G. B. Airy. 4to. 1877. Greenwich Astro 
mical Results. 1875. 4to. Magnetical and Meteorologidl 
Observations. 1875. 4to. Results of Astronomical Obsert 
tions, Cape of Good Hope. 1874. 8vo. 1877. Report oni 
preparation for, and observations of, the Transit of Vents,#} 
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4to. 1877. The Admiralty 
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Beobachtungen. Jahrgang 12. Lief. 6, 7. Titel. Jahrgang lt 
Lief.5. Jahrgang 14. Lief. 1-3. Supplementband. Lief. 3. 4 
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Gey (H.) Observations sur les Instincts de Homme et 
des Animaux. 8vo. Paris 1878. The Author. 
Hull (E.), F.R.S. On the Upper Limit of the essentially Marine 
Beds of the Carboniferous Group of the British Isles and adjoin- 
ing Continental Districts. 8vo. London 1877. The Author. 
Hunter (W.W.) A Statistical Account of Bengal. Vol. VI. to XX. 
8vo. London 1876-77. The Author. 
Kélliker (A.) Ueber die Jacobson’ schon Organe des Menschen. Ato. 
Leipzig 1877. The Author. 
Koninck (L. G. de) Recherches sur les Fossiles Palévzoiques de la 
Nouvelle-Gallesdu Sud (Australie). Partie 3. Texte. 8vo. Atlas. 
4to. Bruaelles 1876-77. 
Lloyd (Rev. Dr. H.), F.R.S. Miscellaneous Papers connected with 
Physical Science. 8vo. London 1877. The Author. 
Melsens (—). Des Paratonnerres 4 points, 4 conducteurs et a rac- 
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établis sur l’Hotel de Vilie de Bruxelles en 1865. 8vo. 1877. 


The Author. 
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8vo. 1877. | The Publisher. 
York (Archbishop of), F.R.S. The Worth of Life: an Address. 
8vo. London 1877. The Author. 
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London :—Royal Institute of British Architects. Sessional Pg 
7 1870-71, No. 11, 12; 1871-72, No. 12. 1873-74 Title and (q,. 
| tents. 1874—75 Title and Contents. 1877-78. No. 1-4. 4to, 
The Institate 
Statistical Society. Journal. Vol. XXXVIII. Part 4. Vol. XL am 
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Série. Tome VI. No. 7-12. Supplement. No. 2. Tome VI 


No. l. 4to. 1877-78. The Schoo 
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8vo. 1877.. The Society. 
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Deel. II. Stuk. 2. 4to. 1876. The Society 

St. Petersburg :—Académie Impériale des Sciences. Mémoirts 
Tome XXII. No. 11, 12. Tome XXIII. No. 2-8. Tome XXIV. 
No. 1-3. 4to. 1876-77. Bulletin. Tome XXIII. No. 4. Tome 
XXIV. No. 1-3. 4to. 1877. Repertorium fiir Meteorologe. 
Band V. Heft 2. Supplementband. Erste Hilfte. 4to. 1877. 

The Academy. 

Sydney :—Royal Society of New South Wales. Journal and Pr 

ceedings. 1876. Vol. X. Edited by A. Liversidge. 8vo. 187. 
The Society. 
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Brussels :—Observatoire Royal. Annuaire. 45¢ Année. 1878. 12m0. 
Bruzelles. 1877. The Observatory: 
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| The Author. 
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History and the Edinburgh Review. 8vo. London 1877. 
| The Author. 
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The Author. 
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Transactions (continued). 
Moscow :—Société Impériale des Naturalistes. Bulletin. Any! 
1877. No. 1-2. 8vo. The Society 
Munich :—K6niglich Bayerische Akademie der Wissenschatt, 
Abhandlungen der Historischen Classe. Band XIII. Abth) 

4to. Miinchen 1877. Sitzungsberichte. Math.-phys. 
1877. Heft 1-2. Philol.-philos. Classe. 1877. Heft 1. 8 


Paris :—Société Frangaise de Physique. Séances. J anvier—Man, 
1877. 8vo. The 
Rome: :—R. Comitato Geologico d'Italia, Bollettino. Anno. 187) 

No. 5-10. 8vo. Roma. The Institution 
Vienna :—Anthropologische Gesellschaft. Mittheilungen. Band 
VII. No. 4-9. 8vo. Wien 1877. The Society, 


K.k. Geologische Reichsanstalt. Abhandlungen. Band VIL 
Heft Nr. 4. 4to. Wien 1877. Jahrbuch, 1877. No. 2, 8. 890. 
Verhandlungen. 1877. No. 7-13. 8vo. The Institution, 


Adams (Dr. Leith), F.R.S. Monograph on the British Fossil He.’ 
phants. Part 1. 4to. London 1877. The Author, | 
Boldu (R.) Ragione e Fede nel moto sociale, Studi. 12mo. Firenu 
1878. The Author. 
Cotterill (J. H.) The Steam Engine considered as a Heat Engi. 
8vo. London 1878. The Author. 
Favre (A.) Rapport du Président de la Société de Physique ¢ 
d’Histoire Naturelle de Genéve, pour la période annuelle du a } 
Mai, 1876, au ler Juin, 1877. 4to. Genéve. The Author. | 
Fayrer (Sir J.), F.R.S. Venomous Animals. 8vo. Edinburgh 187. 
| The Author. 

Galloway (R.) <A Plan for rendering Salted Meat more Nutritious, 
thereby preventing Scurvy. 8vo. Dublin 1877. The Author. 
Hull (E.), F.R.S. The Physical Geology and Geography of Irelant. 
8vo. London 1878. On a Deep Boring for Coal at Searle, 


Lincolnshire. 8vo. London 1877. The Author. 
Laurence (R.) and C. C. Hutchinson. On the Composition of th 
Buxton Limestone. 8vo. Dublin. Author. 


McAlpine (A. N.) and C. C. Hutchinson. On the Gaseous Cor | 
stituents of the Vartry and Grant Canal Waters. 8vo. Dublis 
1877. The Author. 
Plunkett (W.) and L. Studdert. Report on the Solid and Gaseow | 

Constituents of the Mallow Spa. 8vo. Dublin 1877. 


The Authors 
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Schmidt (C.) and F. Dohrandt. Wassermenge und Suspensions- 
 gchlamm des Aura-Darja in seinem Unterlaufe. 4to. St. Peters- 
powrg 1877. The Authors. 

Tebbutt (J.) Results of Meteorological Observations made at the 
Private Observatory, the Peninsula, Windsor, New South Wales, 


- inthe years 1871-76. folio. Sydney 1877. — The Author. 
Wilson (Erasmus), F.R.S. Cleopatra’s Needle and Egyptian Obelisks. 
8vo. London 1878. The Author. 


Woollcombe (R. W.) Some remarks on the Rotation of Projectiles. 
8vo. Devonport 1874. Some Reasons for the supposition that the 
red Corpuscles of the Blood have Cycloidal Rotation. 8vo. 
Devonport 1876. The Author. 


Trinity House, London. Correspondence and Reports on the subject 
of Comparative Trials of Electric Lights at the South Foreland. 
folio. London 1877. | The Trinity House. 


Presents, January 31, 1878. 


Transactions. 
Eastbourne :—Natural History Society. Papers. 1872-3, 1873-4, 
1874-5, 1875-6, 1876-7. 4to. The Society. 


Edinburgh :—Royal Society. Transactions. Vol. XXVIII. Part 1. 
For the Session 1876-77. 4to. Proceedings. Session 1876-77. 


8vo. The Society. 
Innsbruck :—Naturwissenschaftlich—Medizinischer Verein. Bericht. 
Jahrgang 7. Heft 1. 1876. 8vo. 1877. The Society. 
London :—Royal Asiatic Society. Journal. New Series. Vol. X. 
Part 1. 8vo. 1877. The Society. 
Iuxembourg:—L’Institut Royal Grand-Ducal. Publications. 
Tome XVI. 8vo. 1877. The Institute. 
Neuchatel :—Société des Sciences Naturelles. Bulletin. Tome XI. 
Cahier. 1. 8vo. 1877. The Society. 


Wales (South). Institute of Engineers. Proceedings. Vol. X. 
No. 6 (containing Paper on the Firedamp Cap, by W. 
Galloway). 8vo. 1877. W. Galloway. 

Wirzburg : :—Physikalisch-Medicinische Gesellschaft. Verhand- 
lungen. Neue Folge. Band XI. Heft 1-4. 8vo. 1877. 

| The Society. 
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Reports, Observations, &. aq 
Adelaide :—South Australian Institute. Annual Report, 18767 
Ato. 1877. The Institut, 
Dorpat :—Meteorologische Observatorium. Meteorologische By 
bachtungen angestellt in Dorpat im Jahre 1875, redigirt ym 
A von Oettingen und K. Weihrauch. Jahrgang 10. BandIj 
Heft 5. 8vo. 1877. Zehnjihrige Mittelwerthe (1866 bis 1975) 
-nebst neunjihrigen Stundenmitteln (1867 bis 1875) fiir Dorpg 
von K. Weihrauch. 8vo. 1877. The Observatery 
London :—Saint Bartholomew’s Hospital. Reports, edited by 
W. S. Church and A. Willett. Vol. XIII. 8vo. 1877. 


[Jan 


The Hospital, 
Army Medical Department. Report for the year 1876. Vol! 
XVIII. 8vo. 1877. The Department. 


Medical Department of the Navy. Statistical Report on the | 
Health of the Navy for the year 1876. 8vo. 1877. 


The Department, 
Madrid aren del Mapa Geoldgico de Espaiia. Boletin. Tomo 
IV. Cuaderno 1. 8vo. 1877. The Commission. 


K. Sternwarte. Astronomische, Magnetische, mi 
Meteorologische Beobachtungen im Jahre 1876. Herausge 
geben von C. Hornstein. J ahrgang 37. 4to. 1877. 


The Observatory. 
Turin :—Osservatorio della Regia Universita. Bolletino. Anno XI 
(1876.) 4to. Torino 1877, The Observatory. 


Utrecht :—Nederlandsch Gasthuis voor Ooglijders.  Achittiente | 
Jaarlijksch Verslag, door F. C. Donders. 8vo. 1877. 

The Editor, 

Physiologisch Laboratorium der Utrechtsche Hoogeschool. Ot- | 

derzoekingen, uitgegeven door F. C. Donders en T. W. Engel 

mann. Derde Reeks, IV. Afi. 1. 8vo. 1877. The Editor. | 

Vienna :—K. K. Sternwarte. Annalen. Herausgegeben von 6.) 

von Littrow. Dritter Folge. Band XXVI. Jahrgang. 1670.) 


Svo. The Observatory: 


Belt (T.) The Glacial Period in the Southern Hemisphere. 8¥ 

London 1877. Author 
Calver (G.) Hints on Silvered-Glass Reflecting Telescopes. Bro. 

1877. (2 copies.) The Author 
Calderon (S.) Consi derations on Vegetable Nutrition. 8vo. Madnd 
1877. The Author. 
Fischer de Waldheim (A.) —— des Plantes Nourriciéres # 
Ustilaginées. 8vo. Moscow 1877. The Auth0t. 
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Gill (T.) Onthe “Prodromus Methodi Mammalium” of Storr. 8vo.. 
Philadelphia 1876. The Author. 


Holden (E. 8S.) Index Catalogue of Books and Memoirs relating to 
Nebule and Clusters, &c. 8vo. Washington 1877. |The Author. 
Jeffreys (J. Gwyn), F.R.S. The Post-Tertiary Fossils procured in 
the late Arctic Expedition. 8vo. London 1877. Address to the 
Biological Section of the British Association, August 16, 1877. 
8vo. 1877. The Author. 
Plantamour (E.) Résumé Météorologique de l’Année 1876, pour 
— Geneve, et le Grand Saint Bernard. 8vo. Genéve, 1877. Nivelle- 
ment de Précision de la Suisse. Livraison VI. 4to. 1877. Déter- 
mination Télégraphique de la Différence de Longitude entre 
Observatoire de Zurich et les Stations Astronomiques du 
Pfander et du Gabris. 4to. 1877. The Author. 


Presents, February 7, 1878. 


Transactions. | 
Christiania :—Kongelige Norske Frederiks Universitet. Archiv for 
Mathematik og Naturvidenskab, udgivet af S. Lie, W. Miiller, 
og G. O. Sars, Bind 1, Hefte 4, 8vo. Kristiania, 1876. Enu- 
meratio Insectorum Norvégicorum, fasc 4. 8vo. 1877. Nyt 
Magazin for N aturvidenskaberne, Bind 22. Hefte 4. 8vo. 


1877. The University. 
Dublin:—Royal Geological Society of Ireland. Journal. Vol. 
| XIV. Part 4. 8vo. 1877. The Society. 


Giessen :—Ludewigs-Universitét. Ueber die Bedingungen des Re- 
spiratorischen Lufteintritts in den Darmkanal, von F. A. Kehrer. 
4to. 1877. Ueber einige Wirkungen der zur pharmakologi- 
schen Gruppe des Atropins gehorigen Stoffe, von F, Eckhard. 
4to. 1877. Akademische Festrede. 4to. 1877. Verzeichniss der 
Vorlesungen. 8vo. 1877. Zuwachs-Verzeichniss der Uni- 
versitats-Bibliothek, vom Jahr 1876. 4to. . The University. 

London :—Royal Geographical Society. Proceedings. Vol. XXI. 

— No. 4-6. Vol. XXII. No.1. 8vo. 1877-78. The Society. 

Oxford:—Ashmolean Society. The Main Drainage of Oxford, by 
W.H. White. 8vo. 1877. The Society. 

Philadelphia :—Franklin Institute. Journal. Vol. CIV. No. 619- 
624. Vol. CV. No. 625. 8vo. 1877-78. Institute. 

Sydney :—Royal Society of New South Wales. Rules and List of 

_° Members. 8vo. 1877. Annual Report of the Department of 
Mines, New South Wales, 1875, 1876. 4to. 1876-77. The 
Progress and Resources of New South Wales, by C.. Robinson. 
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8vo. 1877. Railways of New South Wales. Report on thy 
construction and working from 1872 to 1875, by J. Rae. {oly 


1876. Climate of New South Wales, descriptive, historic 
and abuine, by H. C. Rassell. 8vo. 1877. The Society 
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Reports, &c. 
Dehra Dun:—Great Trigonometrical Survey of India. Gener 
Report on the Operations during 1875-76, by J. B. N. Ha, 
nessey. folio. 1877.. TheS 
London :—South Kensington Museum. Conferences held in connep. 
tion with the Special Loan Collection of Scientific Apparata, | 
1876. Physics and Mechanics, Chemistry, Biology, Physicd 
Geography, Geology, Mineralogy, and Meteorology. 2 Vol, 
8vo. 1877. The Science and Art Department, 
British Museum. Catalogue of the Manuscripts in the Spanish 
Language in the British Museum, by Pascual de Gayangos 
Vol. 2. 8vo. 1877. The Gigantic Land-Tortoises (Living 
and Extinct) in the Collection of the British Museum, by A.¢. 
L. G. Giinther. 4to. London. 1877. The Trustees, | 


Journals :— 


American Journal of Science and Arts. Third series. Vol. XIV, 
No. 80-84. Vol. XV. No. 85. 8vo. 1877-78. 


The Editors, | 
Appalachia. June, 1877. Vol. I. No.3. 8vo. Boston. [U8] 
The Editor. | 
Indian Antiquary. A J ournal of Oriental Research. Part 18,37, 
68-75. 4to. Bombay 1873-77. | The Editor. 
New York Medical Journal. Vol. XXVI. No. 1-6. Vol. XXVIL 
No.1. 8vo. 1877-78. | The Editor. 
Van Nostrand’s Eclectic Engineering Magazine. No. 103-Ll. | 
Roy. 8vo. New York. 1877-78. The Publisher. 


Gilbert (Dr. J. H.), F.R.S. On some points in connection with Aut 
mal Nutrition. 8vo. London, 1876. The Author. 
Lawes (J.B.), F.R.S., and Dr. Gilbert, F.R.S. On the formation d | 
Fat in the Animal Body. 8vo. Cambridge, 1877. The Authon 
Lemaire (Enrico). Problema della Trisezione Geometrica di ™ 
Angolo o di un Arco dato risoluto dall’ Ingegniere. 8vo. Ne. 
poli, 1877. The Author. 
Le Verrier (U.J.) For. Mem. R.S. Discours prononcés aux funérailles : 
25 Sept., 1877. 4to. Paris. 


‘ 
4 
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Marrat (F.P.) On forty proposed new forms in the Genus Nassa. 
8vo. Liverpool 1877. The Author. 
Rossetti (F.) Di aleuni recenti progressi nelle Scienze Fisiche e in 
rticolare di aleune Indagini intorno alla Temperatura del Sole. 

8vo. Padova 1878. | | The Author. 


Presents, February 14, 1878. 


Transactions :— 
Brussels:—Académie Royale de Medecine. —Bulletin. 3¢ Serie. 


Tome XI. No. 5-11. 8vo. Bruzwelles. 1877. Mémoires 
Couronnés. Collection in 8vo. Tome IV. fasc. 2 1877. 
The Academy. 
Académie Royale des Sciences.—Bulletin. 46 Année. No. 5-11. 
8vo. 1877. | The Academy. 
London :—Linnean Society. Transactions. Second Series. Botany. 
Vol. I. Part 5. 4to. 1878. Journal. Botany. Vol. XVI. 
No. 94. 8vo. 1878. The Society. 


; Quekett Microscopical Club. Journal. No. 34, 35. 8vo. 1877. 


: The Club. 
Rome:—Accademia Pontificia de’ Nuovi Lincei. Atti. Anno 
30. Sessione 3-6. 4to. Roma 1877. The Academy. 
Wellington:—New Zealand Institute. Proceedings. Vol. IX. 
Part 2. 8vo. 1877. Index. ‘Vols. Ito VIII. The Institute. 


Revorts, &c. 

Cambridge [U.S.] Harvard College Observatory. Annual Report 
of the Director. Nov. 26, 1877. By EH. C. Pickering. 8vo. 
1877. The Observatory. 

Louvain :—L’Université Catholique. Théses. 1876-77. 8vo. De 
ordine et figuris verborum quibus Horatius in Carminibus 
usus est. 8vo. 1877. De Peccato Originali. 8vo. 1877. 
De Placito Regio. 8vo. Choix de Mémoires de la Societé 

 Littéraire. XII. 8vo. 1877. Revue Catholique. Tome 
XVII, XVIII. 8vo. 1877. The University. 

Madrid :—Comision del Mapa Geoldgico de Espafia. Memorias. De- 
scripcion de la Provincia de Valladolid. 8vo. 1877. 

The Commission, 

Oxford :—Radcliffe Observatory. Results of Astronomical and 
Meteorological Observations made in the year 1875, under the 
superintendence of the Rev. Robert Main. Vol. XXXV. 8vo. 
1877, The Radcliffe Trustees. 
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Reports, &c. (continued). | 
Paris :—Faculté des Sciences. Theses. No. 384 par J. Pe 
' 385 par D. André, 387 par Périgaud, 390 par P. C 
391 par E. Picard, 392 par P. Miquel, 394 par E. 
395 par A. Hurion, 396 par J. Barrois. 4to. 1877, Sep 
A, No. 24, par F. Viault, 25 par S. Arloing, 26 par H. Filho | 
27 par L. Joliet. 8vo. 1877. | The Faculty 


Aoust (l’Abbé). Le Verrier, sa vie, ses travaux. Marseille 


1877. The Author, 
Calberla (E.) Der Befruchtungsvorgang beim Ei von Petromymn | 
Planeri. 8vo. Leipzig 1877. The Author, 
Cox (HE. W.) A Monograph on Sleep and Dream, their Physiology 
and Psychology. 8vo. London 1878. The Author, 


~ Rosse (Earl of), F.R.S. Preliminary Note on some measurements ¢ 


the Polarization of the Light coming from the Moon and fron | 
the Planet Venus. 8vo. Dublin 1877. The Author, 
Tenison-Woods (Rev. J. E.) History of Australian Tertiary Geology. 
8vo. Hobart Town 1876. On some New Tasmanian Marne 
Shells. 8vo. 1876. Author 
Tommasi (D.) Ricerche Fisico-Chimiche sui differenti stati allotr. | 
pici dell’ Idrogeno. 8vo. Milano 1877. Riduzione dei Clorai 
in-Cloruri. 8vo. 1877. | The Author 


Presents, February 21, 1878. 


Transactions :— | 
Amsterdam :—Koninklijke Akademie van Wetenschappen. Ve 
handelingen. Deel 17. 4to. 1877. Afdeeling Letterkunde. Ded | 
9,11. 4to. 1877. Verslagen en Mededeelingen. Afdeelng 
Natuurkunde. Tweede esks. Deel 11. 8vo. 1877. AF 
deeling Letterkunde. Tweede Reeks. Deel 6. 8vo. 16//. 
Jaarboek voor 1876. 8vo. Processen-Verbaal. 1876-7). 
Carmina Latina. 8vo. 1877. The Academy 
Berlin :—K6niglich Preussische Akademie der Wissenschaften 
Monatsbericht. Marz—November, 1877. 8vo. 1877-78. 


The Academy: 

Dijon :—Académie des Sciences, Arts et Belles Lettres. Mémoire. 
3e Série. TomeIV. Année 1877. 8vo. The Acadeny: 
London .—Anthropological Society. Journal. Vol. VII. No.1 
8vo. 1877-8. The Sociely: 
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Transactions (continued). 
Meteorological Society. Quarterly Journal. New Series. Vol. III. 
No. 24. 8vo. 1877. | | The Society. 
New York :—American Geographical Society. Bulletin. Session 
1876-77. No.4. 8vo. 1877. | The Society. 
Paris :—Académie des Inscriptions et Belles Lettres. Comptes Ren- 
dus des Séances de l’Année 1877. 4e Série. Tome V. Bulletin. 
Avril, Mai, Juin. 8vo. The Academy. 
Société de Géographie. Bulletin. Avril—Novembre, 1877. 8vo. 
| | | The Society. 
' Rome:—R. Accademia dei Lincei. Atti. Serie terza. Transunti. 
Vol. II. fasc. 1-2. 4to. Roma 1878. The Academy. 


Ayrton (W. E.) and John Perry. The Contact Theory of Voltaic 
Action. 8vo. Yokohama 1877. The Authors. 
Elliot (Sir H.M.) The History of India, as told by its own historians. 
The Muhammadan Period; edited and continued by J. Dowson. 
Vol. VII, VIII. 8vo. 1877. The Rev. H. L. Elliot. 
listing (J. B.) Neue geometrische und dynamische Censtanten des 
Erdkorpers. 12mo. Gottingen 1878. es The Author. 
Lewenberg (Dr.) De l’Echange des Gaz dans la Caisse du Tympan. 
8vo. Paris 1877. The Author. 
Macdonald (Dugald). The Heavenly Bodies: how they move ard 
what moves them, anew theory. 8vo. Montreal 1877. 
The Author. 
Plantamour (E.) Recherches Expérimentales sur le Mouvement 
simultanée d’un Pendule et de ses supports. 4to. Genéve. 
1878, Author. 
Poumeau (J.A.) . Probléme concernant |’Embryogénie de 1’Espéce 
humaine. 8vo. Basse-Terre. The Author. 
Taton (E.) Sur les Diptéres Parasites de la Rana Esculenta. (Note © 
sur les Insectes diptéres parasites des Batrachiens, par. V. Collin 
de Plancy). 8vo. Pavis. | The Author. 


Presents, February 28, 1878. 


Transactions, | 
Copenhagen :—Kongelige Danske Videnskabernes Selskab. Oversigt. 
1877. No. 2. 8vo. Kjébenhavn. (2 copies.) The Society. 
Hamburg :—Naturwissenschaftlicher Verein von Hamburg-Altona. 
Verhandlungen. Neue Folge I. 8vo. 1877. The Society. 
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Transactions (continued). | 
Heidelberg : :—Naturhistorisch—Medicinischer Verein. Verhang. 
lungen. Neue Folge. Band II. Heft 1. 8vo. 1877. 
| 
Leipzig :—Astronomische Gesellschaft. Vierteljahrsschrift, 
gang 12. Heft. 2, 3. 8vo. 1877. The Society I 
London :—Mathematical Society. Proceedings. No. 112-123, 8» 
1876-77. The Sociey, 
Lyon :—Société de Geographic. Bulletin. Tome IT. No. 9. 
1878. . The Society, 
Modena :—Societa dei Naturalisti. Annuario. Serie II. AnnoJ] | 
fase. 3,4. 8vo. 1877. | The Society 
Stockholm :—Kongl. Vetenskaps Akademie. Ofversigt af Fi. 
handlingen. Arg. 34. Nr. 1-4. 8vo. 1877. The Academy. 


Reports, Observations, &c. 
Calcutta:—Indian Museum. Monograph of the Asiatic Chiropten, 
and Catalogue of the Species of Bats, by G. E. Dobson. 8v0. 
1876. Catalogue of Mollusca in the Indian Museum, (al. 
cutta, by G. Nevill. Fasciculus E. 8vo. 1877. 
The Trustees of the Museum. 
Edinburgh :—Royal Observatory. Astronomical Observations male 
by Piazzi Smyth. Vol. XIV for 1870-77. 4to. 1877. 
The Observatory. 
London :—Meteorological Office. Weather Reports, Jan. 1 to Jum 
30, 1877. Folio. Quarterly Weather Report. 1874. Part IV; | 
1875. Part I, II. “4t6. 1877. Hourly Readings at Seven 0b 
servatories, Jan. to April, 1877. Folio. Meteorological Observ 
tions at Stations of the Second Order for the year 1876. Partl | 
4to. 1877. Report of the Meteorological Committee for the 
period of seventeen months ending 31st May, 1877. 8v. 
London. 1877. ~The Office. 
Royal College of Physicians. List of the Fellows, Members, Ext 
Licentiates, and Licentiates. 8vo. London 1877. The College. | 
Royal College of Surgeons. Calendar. 8vo. London 1877. 
University College. Calendar, Session 1877-78. 8vo. Londm 
1877. ~The College. 
Montreal :—McGill College and University. Annual Calendar. 
Session 1877-78. 8vo. 1877. The College. 
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Ansten (N. Laurence.) Natural History Papers, and ‘eats, 
edited by Frank Buckland. In Memoriam. 8vo. London 
1877. Mrs. Austen. 
Duncan (P.M.), F.R.S. Cassell’s Natural History. Vol. I. 8vo. 
London 1877. The Publishers. 
Fayrer (Sir J.), F.R.S. Destruction of Life by Wild Animals and 
Venomous Snakes in India. 8vo. London 1878. The Author. 

§ Ferguson (J.) Introductory Address. 8vo. Glasgow 1875. Recent 
Inquiries into the Early History of Chemistry. 8vo. 1876. Bio- 
graphia Paracelsica, an Examination of Dr. F. Mook’s Theo- 
phrastus Paracelsus eine Kritische Studie. 8vo. Glasgow 1877. 
The Author. 

Jordan (W.L.). Lecture on the Winds, Ocean Currents, and Tides. 
8vo. 1877-78. The Author. 
S Parkes (Dr. E. A.), F.R.S. A Manual of Practical Hygiene. Fifth 
Edition. Edited ays F.S. B. Frangois de Chaumont. 8vo. London 
1878. | The Editor. 
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156 Candidates for Election. 


March 7, 1878. 
ABEL, Vice-President, in the Chair. 
The Right Hon. Sir William Henry Gregory was admitted into th : 


Society. 


The Presents received were laid on the — and thanks ordered 


for them. 


In pursuance of the Statutes, the names of the Candidates for - 
tion into the Society were read, as follows :— 


Henry James Alderson, ‘Lieut.- 
Col. R.A. 

Thomas Clifford Allbutt, mn 
M.D. | 

John Attfield, Ph.D., F.C.S. 

John Gilbert Baker, F.L.S. 

Francis Maitland Balfour, F.L.S. 

Prof. Robert Bentley, F.L.S. 

Henry Bessemer, Assoc. Inst. C.E. 

Rev. Thomas George Bonney, 
M.A. 

George Stewardson Brady, M.D., 
F.L.S. 

John Syer 
F.R.C.P. 

George Buchanan, M.A., M.D. 

Walter lLawry Buller, Sc.D., 
F.L.S. 


Bristowe, M.D., 


Verney Lovett Cameron, Com- 


mander R.N., C.B. 
William Chimmo, Capt. R.N. - 
Cuthbert Collingwood, M.A., 
M.B., F.L.S. 
Prof. James.Henry Cotterill, M.A. 
George Howard Darwin, M.A. 
John Dixon, C.E. 
James Matthews Duncan, A.M., 
M.D. 
Sir Walter Elliot, K.C.S.I. 
Francis Stephen Bennet Francois 
de Chaumont, M.D. 
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Edward A. Schafer, M.R.C.S. George James Symons, Sec., M.S. 
Arthur Schuster, Ph.D., F.R.A.S. | Sir Henry Thompson, F.R.C.S. 
Michael Scott, M. Inst. C.E. Charles S. Tomes, M.A. 

Prof. Harry Govier Seeley, F.L.S. | Edwin T. Truman, M.R.C.S. 
Samuel Sharp, F.G.S., F.S.A. Benjamin Williamson, M.A. | 
John Spiller, F.C.S. Prof. Edward Percival Wright, 
Hermann Sprengel, Ph.D. M.A., M.D. 


The following Papers were read :— 


I “On the Photometry of the Magneto-Electric Light.” By 
Captain W. de W. ABNEY, R.E., F.R.S. Received February 
5, 1878. 


At intervals’ during the last three years it has been my duty to 
ascertain the value of the illuminating power of different sources of 
light, which have been brought before Government for military pur- 
poses. As there is nothing secret in the results obtained, it seemed to 
me that I might communicate them to the Royal Society, I have 
obtained permission so to do. | | | 

There are certain difficulties to be overcome which affect the 
measurements, as it will be evident that the question of colour enters 
largely into them, which are not so great when lights produced by 
comparatively low temperatures are in question. 

My first attempt to obtain a comparison of the value of any two 
lights was made by the method of extinction, that is, by introducing 
between the light and the eye a screen graduated in opacity. After 
comparing this method with that which I have recently adopted, I am 
not inclined to quarrel with it. Originally I employed a wedge of 
green-black glass for the screen, but owing to a complication in the 
results due to different coefficients of absorption for different parts of 
the spectrum, I had resort to strips of photographically graduated 
glass, the necessary black colour being obtained by toning with a 
platinum salt, and a consequent deposition of platinum black. With 
@ couple of these slips back to back, and with the ends showing the 
greatest opacity placed together, a graduation was obtained varying © 
between nearly total transparency and an opacity sufficient to cut off the 
direct rays of the strongest sunlight even when the eye was in its most 
sensitive condition. These strips being cemented together, and the 
relative opacity of every division of a small scale having been ascer- 
tamed, they were caused to pass in front of a narrow slit which was 
open to the light to be tested. When all trace of light had. dis- 
appeared readings were taken, and from the series the value of the 
light calculated. The great defect in this method is the variation in 
the sensitiveness of the eye, and when employing it, it is necessary to 
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be excessively cautious to take the readings under precisely similar gy, | 
cumstances, and also to check them from time to time by the extin. 7 
tion of some standard light. Thus I found that the maximgy 1 
sensitiveness of the eye was practically attained after it had hog 
excluded from the light for two minutes.. Readings taken before thy | 
interval had ‘elapsed were invariably too high, while afterwards tay 
were fairly equable. 
The annexed series shows this result. The readings were € commenced 
after exposure of the eye to an ordinary reading lamp, and continual 
for more than ten minutes. | 


3°16 at the commencement. 3 

3°28 at the end of 4 minute’s darkness. 
3°38 at the end of 1} __sez, 
3°42 at the end of 24 __se,, 
3°48 at the end of 3 ys 
3°45 at the end of 5 
3°48 at the endof 10 _,, 


A similes form of instrument was made for Sir Charles Wheatston 
without his knowledge of the existence of. mine; but I am unawared 
the results he obtained. | 

In the diagrams which accompany this paper I have given the curve 
of intensity of the magneto-electric light generated by a machine, | 
similar to that to which reference will subsequently be made, andi 
will be noticed how close is the agreement between it and the curve | 
which indicates the intensity of the blue light. 

Later it was my endeavour to compare the values of the differen | 
coloured components radiated from any source of light, and my 
original apparatus consisted of a double spectroscopic arrangement 
by which the lights from the two sources entered by different slits into 
the spectroscope, and to the eye the spectra appeared vertically one ovét 
the other. After screening off all of the two spectra except a narrow 
strip, and by applying a telescope with a divided lens, as will shortly 
be described, the intensities of the two strips were equalised by wide- 
ing or narrowing one or other of the slits. The ratio of the widthsd | 
the slits gave approximately the values of the different intensities of 

the light in the particular part of the spectrum. For light giving? 
continuous spectrum this method answered admirably, and I believe? | 
was on the same principle that Lord Rayleigh measured the relative 
values of sky and sunlight; but for lights whose spectra were disci | 
tinuous the method failed owing to the labour it involved. Thi 
method was then abandoned, and another was sought which we 
integrate two or three parts of the visible spectrum. | 
In my hands Bunsen’s method of photometry has always been uw 
certain, perhaps through some personal obliquity, though I believe tit! 
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| withother persons the same uncertainty has been observed. Rumford’s — 
method has never been a favourite, but I believe that if the following 
modification of it be adopted, there can never be much difficulty in 
comparing lights of similar colours. The problem which I set myself 
was to obtain shadows of equal size, and to place them side by side as 
seen by the eye. The following plan accomplishes this :— ue 

In an opaque screen of some half metre square two equal slits of 
about half a centimetre in width and 7°5 centimetres in length were 
cut parallel to one another, the lengths being vertical. These slits 
were separated by 7°2 centimetres, and were covered with a diaphanous 
screen, white tissue paper being apparently the best substance to 
employ, though ground glass was also tried. The tissue paper was 
placed at a small distance from the opaque screen, so that the texture 
was invisible when the borders of the slit were sharp when viewed by 
an observing telescope. A rod of a centimetre in diameter was placed 
in front of the tissue screen, and so arranged that the shadows thrown 
by the two sources of light entirely covered the slits. The movable 
light was caused to travel along a scale fixed at such an angle as to 
ensure this always occurring. The necessary precautions were taken 
to ensure that thé shadows falling on the screen were at equal dis- 
tances from the centre of the rod. ee 

In order to cause: the two shadows thus thrown to approach each 
other, a divided lens of about 16 centimetres focus was made to form 
the objective of a telescope, and by carefully separating the optical 
centres of the-two halves (see figure) when the line of division was 


kept in a horizontal position,.the images of the two slits could be 
caused to approach one another, and could be viewed in the same field 
by an eyepiece. By turning the telescope in its Y’s the same result could 
be obtained, though in this case the image seen of the one slit would 
be formed by the opposite half of the lens to that which formed it in 
the first observation. Measurements were taken with standard lights, 
till the adjustment was found which gave equal illumination of both 
aides of the lens. When the opaque screen, the telescope, and the head 
of the observer were carefully shielded from all extraneous light, the 
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observations are singularly accordant. The following observatj oy 4 
made with a standard candle and a paraffin lamp, the light traver 


is sometimes difficult to judge. If too bright the requisite diminution 
can be obtained by using diaphragms in the telescope, and by altering 
the magnifying power of the eye-piece. If too dark, an addition to 
the light which reaches the slits may be given by giving them m | 
equal amount of illumination from an independent source. a 
To secure the separation of the different portions of the spectrum, 
resort was had to absorbing media. After many trials I came to the 
conclusion that nothing seemed preferable to red glass, which absorbed 
practically every part of the spectrum except the red end, and m 
ammoniacal solution of copper sulphate. These two absorbing .metis 
were employed in the experiments which I am about to describe; very 
little of spectrum is left unaccounted for, and the results obtained ar | 
sufficiently striking to record. 
A red glass was obtained which had sufficiently plane surfaces, and | 
a cell with parallel sides was used for ‘holding the copper solution | 
The absorbing media were placed between the rod and the opaqit | 
screen, and absolutely parallel with the latter. : 
The following is an outline of the experiments to which the atten | 
tion is to be drawn. The primary object was to ascertain the relation 
between the horse-power expended, the light produced, and the number 
of revolutions of the armature. The machine employed was of tht 
Gramme form, and weighed somewhere about 17 cwt. It had thre 
pairs of vertical coils, one of which was used for magnetization. 1 
work it, what is known as the steam sapper was employed. Thisi# 
road locomotive from the shops of Aveling and Porter, of Rochestéh 


a red medium, will give an idea of the correctness of the results :- — 0 
Readings of the Lamp in Candle Power. ; 

| 10°25 a 

10°23 

10°18 hb 

10°23 I 

10°26 

10°23 k 

Mean 10° 23 

If there be any drawback to this method, it is that an assistant is 
required to alter the distances of the movable light. 
I may also remark that there are shades of light between which i 


and is adapted to driving machinery by applying a band to the fy | 
wheel. It works fairly steadily when not overtaxed. An indicator | 
was attached for taking diagrams from which to calculate the hori | 
power expended. The number of revolutions of the armature W# 
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taken by a velocimeter, and a large tangent galvanometer was inserted 
in the circuit, the diameter of the arc being 33 times that of the 
needle, An automatically working electric lamp having perfectly dry 
square carbons of > inch side was the source of light, and was placed 
at fixed distances of 75, 150, or 50 feet from the measuring apparatus 
as circumstances required. It gave a steady light when the engine 
worked regularly, and the brilliancy of the light was not increased 
by altering the distance apart of the carbons. When a series of 
readings was to be taken, the horse-power expended in driving the 
machine with the collecting brushes up was found, and then the 
brushes turned down, and the light allowed to burn for ten minutes 
before any measurement was taken. The number of revolutions of 
the armature was then approximately ascertained, and a diagram taken 
when. the velocimeter was applied to the machine. The readings of 
the galvanometer were recorded by an assistant working under my 
colleague, Captain Armstrong, R.E., and then measurements of the 
illuminating power taken by myself and checked by an intelligent 
assistant. The light transmitted through the red medium was first 
measured, and then through the blue. If the first and last of the read- 
ings compared favourably with each other, the series was taken as 
worthy of confidence. If, on the other hand, great fluctuations were 
observed, which was sometimes the case owing to the occasional irre- 
gularities of the motive power, and to impurities in the carbons them- 
selves, a fresh set of readings was taken. As often as possible readings 
were taken through the blue and red media at the same number of 


 vevolutions per minute of the armature. This was not always prac- 


ticable, or even necessary. This will explain the reason of the variable 
revolutions recorded in the tables. I may remark that the revolutions 
were always taken at the commencement and end of each set of read- 
ings, and if these were tolerably close the mean was taken as the correct 
value for the mean of the readings. With any great variation, say of 
more than ten revolutions, the readings were rejected altogether. It 
was found difficult to make a comparison with a standard or pair of 
standard candles, owing to the small distance from the screen they 
sometimes occupied ; hence an intermediate light from a paraffin lamp 
was made use of, which before and after each series of readings was 
compared with the standard candle. The variation of the lamp light 
was very small, ranging from 10°23 to 10°05. The light from the 
electric lamp was admitted into the observing-room through an aper- 
ture in the wall of about 18 inches square, and great care was taken 
that any reflected light was cut off the screen. . | 
In addition to the optical readings, an endeavour was made to 
secure a record of the actinic value of light. Paper sensitized with 
silver chloride was exposed to the light at a distance of three feet 


from the carbon points, one strip was placed behind a cell filled with 
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Expenditure of H.P. 
Table I refers to Diagram I. 
Revolu- 
H.P 
240 1‘0 
‘808 1°6 
350 2°5 
400 3.°8 
460 5°6 
7°9 
550 8°5 
565 9:0 
Integration of Red Light. 

Table III refers to Diagram IT. 
No. Candles. 
240 180 
308 280 
14. eee : 460 860 
15.. 500 1,080 
520 1,300 
17....| 540 1,620 
575 1,520 
580 2,100 
600? |: 2,400 


* A ? is placed against the 600 revolutions, as the engine at that velocity col 
somewhat unequally. 


The numbers or letien 


Integration of Blue Light, 
Table II refers to Diagram IL. 
Revolu- 
No. tions, | Candles. 
1. 240 360 
2. @ee 308 660 
350 750 
4... 425 1,700 
5...-| 460 2,500 
6....| 490 3,000 
@ee 520 4,860 
8.... 550 4,800 
565 6,500, 
10....} 580 6,000 
600 ?* | 10,100 


Tntegration of Actinic Power. 


Table IV refers to Diagram IL. — 
Revolu- 
No. tions. Candles. 
21. + 350 §90 
2,750 
23....1 560 9,000 
24... 580 10,050 
25. eee | 600 ? 


quinine sulphate, whilst another was exposed to the full action of ty! 
The times of exposure varied between one and tg’ 
The intensity of the actinism was measured by Rogoy) 
method, which need not be described. The curve obtained from fy 
paper exposed behind the quinine cell is practically identical with thy | 
obtained optically from the blue components when any one point ix 
the former curve is made to correspond to a point in the latter whig 
has the same abscissa. The following Table gives the results of th 
experiments made with this particular machine. 
in the first column refer to the numbers in the diagram. The hom. 
power given is the total horse-power recorded less that — ty 

drive the machine with the brushes up. : 
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Currents. Machine No. I. 


Table V refers to Diagram IV. 
| No. Revolutions. | Tangents Remarks. 
errr 350 1°31 lst set of 
seve 460 1°80 experiments. 
29. 540 2 47 
370 1°33. Experiment — 
426 1°48 
84 460 1°66 > nating power was 
85... 500 1:96 measured. Tables 
9-29 || and Iv. 
600 ? | 


Currents. Machine No. II. 


Table VI refers to Diagram V. 

No. Revolutions. | Tangents. | ‘Remarks. 
1-40 |) OurveB, fig. V. 
89... 490 1°88 lst set of 

264 10 

42... 280 

48... 288 17 

384 "38 

ents. 

692 +92 

842 1-25 

862 1°33 


In Diagram II the stars show the value of the light, from the 
method of extinction. 
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The following is a statement, furnished me by Captain R. Y. 


armstrong, R.E., of the electrical conditions of the circuit. 


a : ' The resistance of the stationary wire — 4°46 ohms. 


| hh the generator the resistance of the light-circuit coil = 0°24 ohm. 
“fhe light coils were in divided circuit, as were also the right and 
lett stationary coils. 


"When driven at from 375 to 383 revolutions, the resistance of the 
Voltaic arc. was about 0°18 ohm; the other resistances in the circuit 
Were 07 ohm. The electromotive force of the machine when driven 
Bi the above speed was 111 volts, a measure which has been arrived 
at by Captain Armstrong from other experiments. The electromotive 
force between 375 and 383 revolutions of the armature was assumed 
Wary as the number of revolutions, an assumption which was borne 
Out a8 practically correct by other measurements made for the purpose. 
In order to ascertain what effect the insertion of resistance had on the 
surrent, the following experiment was undertaken by Captain Arm- 
Mifong with a smaller form of gramme machine, called Machine No. II. 
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Two resistances were inserted in the circuit for two different mgm 
readings, in the first case ohm of total resistance, in the other} 

Table VI refers to these experiments, the curve marked A jp th ; 
Diagram V being that due to the first, B being that due to the ggumt dif 
It will be noticed that practically the curve becomes a straight iy ae 
or, in other words, the electromotive force increases directly 9 im 
number of revolutions of the armature, a result which might hg ue 


been expected theoretically. It will also be seen that the currentfy 
any given number of revolutions varies inversely as the resistanss 
circuit, or, in other words, that the electromotive force for a ge 
number of revolutions is constant. | 

In any results, therefore, which are given descri ptive of the Tigh 


Number of revolutions of armature ; 
Resistance in circuit; 


Horse-power expended ; Y 

Colour of light measured ; b 

Electromotive forces. 

together with the size of the carbons employed, and other obvi : 

details. 

b 

| f 

II. “Experimental Researches on the Temperature cof the 

Head.” By J. 8. Lomparp, M.D., formerly Assistant-Po , 

fessor of Physiology in Harvard University, U.S. Comm , 

municated by H. CHaruton Bastian, M.D., FRO, 
Professor of Pathological Anatomy in University - 

London. 

(Abstract. ) 


The present communication forms an abstract of the first portion | 
of a series of investigations having the following primary objects 2 
view :— 

1st. To find out, as far as possible, the normal relative tempers 
of different portions of the surface of the head, when the brait | 
comparatively inactive. 

2nd. To study the effect of different mental states upon o 
different portions of the surface of the head previously exauniil a 
the condition of comparative cerebral inactivity. ) 

The ultimate objects were two-fold; namely :— | 

1st. To furnish, if possible, some. reliable data as a — ns 
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for examining the temperature of the surface of the head, with a view 


to assisting in the diagnosis and localization of cerebral disease. 


Mind. To see if, from an examination of the relative temperatures of 
different portions of the surface of the head during increased mental 
setivity, any information could be obtained as to the. comparative 
importance of the parts played by different portions of the brain in 
the evolution of thought and the different emotions. | 

Ty commence with the first of these ultimate objects of the in- 
vestigations, it is easy to see that everything depends upon an accurate 
knowledge of the normal relative temperatures of the different portions 
of the surface of the head, and the variations of such temperatures 
within healthy limits. Without this knowledge it is impossible to 
come to any satisfactory conclusion as to the existence of localized 
cerebral disorder by examining the temperature of the surface of the 
head. | 

So far as the writer is aware, Dr. Wm. A. Hammond,* of New 
York, was the first to indicate that: a difference of temperature exists 
between the two sides of the head in health. In 1875, Dr. Hammond, 
making use of a thermo-electric apparatus, devised by the writer the 
year previous, came to the conclusion, from observations made on a 
large number of individuals, that the left side of the head has a higher 
temperature than the right side. Unfortunately the notes furnished 
by Dr. Hammond, in the writer’s possession, ‘do not state the ezact 
locality examined, a matter of great importance as will be seen 
further on. 


|. During the past year M. Brocat has brought forward experiments on 


the same subject. M. Broca, using thermometers, has also come to 
the conclusion that the left side of the head has the higher tempera- 
ture. The sources of error in M. Broca’s method will be presently 
noticed. | 

Turning now to the second of the ultimate objects of the present 
investigations, namely, the connexion between the relative share of 
mental work done in a given part of the brain, and the relative tem- 
perature of the surface over such part, it is evident that here also a 
thorough acquaintance with the relative temperatures of the different 
Portions of the surface of the head in the quiescent mental condition 


18 requisite. 


As regards what has been' already done on the subject of the relation 
between heat and mental work, it may be summed up in a few words. 
_ In 1866 the writer commenced a series of experiments with thermo- 
electric apparatus on the effect of increased mental activity on the 
temperature of the head. These experiments showed that the exercise 

* Dr. Hammond’s paper was read before the New York Neurological Society, 
October 4, 1875, 

PN Revue Scientifique,” September 15, 1877. 
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of the higher intellectual faculties, as well as different emotions, gugl 
a perceptible rise of temperature in the head. Merely arousing 4 
attention could produce the same result, These results were publish! 
in June of 1867.* Toward the close of the latter year, Profs 
Moritz Schiff, who had been working independently of any knowlajp 
of what the writer had been doing, communicated to the Magegng 
Natural History of Florence results of a similar nature. In 1p 
Professor Schiff + published an account of a series of investigatiog 
made directly upon the brain of animals, which decisively proved thy 
mental work is accompanied by elevation of temperature in the bri, 
Lastly, M. Broca has likewise arrived at the same conclusion by expe. 
ments made, like the writer’s, on the human subject, M. Broca, hoy. 


The present investigations were commenced in January, 1877, al 
have been continued almost without interruption to the present tim} 
The first step to be taken having been decided upon, namely, a thorongh 
examination of the normal relative temperatures of the different por. 
tions of the surface of head, the next point to be decided was-th: 
manner in which the examination could be best carried on. Preliminay 
observations had satisfied the writer that experiments made upon te 
heads of individuals taken at random could only lead to confusing al 
contradictory results. Accordingly, the investigations were limited #’ 
a few selected heads, which could be measured and compared, and tle! 
different circumstances, both internal and external, affecting whic) 
could be pretty well known. Six subjects, three males and thm 
females, were selected. The next question was the measurementi iy - 
the head, and its division into regions, and the subdivision of the ay 1 
regions. The following method was decided on: the head was divide 


a 


into three regions, designated respectively, anterior, middle, wit 3 
posterior. 

| Anterior Region. 

The anterior region is bounded laterally by a line drawn upward, , 


each side of the said, from the angle formed by the frontal and sg 
matic processes of the malar bone in a direction parallel to the plane | 
of the forehead, taken over the frontal eminences and supercilialy 
ridges. | 
The superior boundary is formed by the continuation in the sm 
plane, and junction on the top of the head, of the lateral boundané. 
The inferior boundary is formed by aline passing horizontally 0008 | 
the front of the head on a level with the summits of the supra-orbial 
arches between the external angular processes of the two sides, and 


* “New York Medical Journal,” June, 1867, and “Archives de Physiolig 
September—October, 1868. ee 
¢ “Archives de Physiologie,’’ t. iii, p. 6, 1870. 
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| Tegions into right and left symmetrical halves. 


1878.) the Temperature of the Head. 169 


thence continued by the outer borders of the malar bones to the points 
of origin of the lateral boundaries. : 

The part of the head embraced by the anterior region is, therefore, 
that which would be cut off anteriorly by a transverse and vertical 
section, made parallel to the plane specified, between the angles formed 
by the frontal and zygomatic processes of the malar bones of the two 

Middle Region. 


The middle region is bounded anteriorly by the lateral and superior 
boundaries of the anterior region. ans 
‘The posterior boundary is formed by a line passing over the top of 
the head parallel to the anterior boundary, uniting the extremities of 
the mastoid processes of the two sides. 

The inferior boundaries commencing at the terminations of the 
inferior boundary of the anterior region, follow the upper borders of 
the zygomatic processes of the temporal bones, pass behind the ears, 
and follow the anterior borders of the mastoid processes to their 


extremities. 


Posterior Region. 


The posterior region has for its superior and lateral boundaries the 
posterior boundary of the middle region. a 

The inferior boundary is formed by the posterior borders of the 
mastoid processes and by the superior curved line of the occipital bone. 
_ The longitudinal median line of the head divides each of the three 

In the present communication we have only to do with the anterior 
region. 

The anterior region is thus subdivided :— | 

Commencing at the inferior boundary, each lateral half is divided 
into six parts by five equidistant horizontal lines drawn from the 
median line to the lateral limit. The tracts thus marked off are 
designated tiers, and are numbered from 1 to 6, commencing at the 
inferior boundary. Further in each lateral half four equidistant ver- 
ical lines are drawn upward parallel to the median line, from the 
lower limit to the superior boundary, thus: dividing each tier into 
‘smaller spaces. In the first four tiers these spaces are five in number; 
but in the fifth and sixth tiers, the convergence, over the top of the 
head, of the lateral limits diminishes the length of the tier, and re- 
dues the number of spaces to four in the fifth tier and to three in the 
“ixth tier. These spaces are designated districts, and are numbered 
from 1 to 5 outward from the median line. The tiers are marked off 
by means of a, string coated with coloured chalk. | 

‘As the method of measuring off the tiers and districts by equidistant 
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lines does not in every head bring @ given space into exactly the gang: 
anatomical position, each case is referred to one head as 4 standay 
The following are the measurements and weeenemeten positions at ty | 
tiers in the standard head. 

The height of the region measured on the median line is 125m, 
(4°92 inches), therefore, each of the six tiers measures 20-83mq 
(0°82 inch) vertically. The upper boundary of the first tier touchy | 


the summits of the superciliary ridges. The upper boundary of ty . 
second tier passes through the centre of the frontal eminences, Ty 1s 
upper boundary of the third tier touches the upper border of th 
frontal eminences. The upper boundaries of the fourth and fifth tie 
have no anatomical landmarks, and their positions can be designalal | 
_ only by their respective distances from the superior limit of the region, t 
this latter touches the coronal suture on the median line, hence tly Mam ” 
upper boundaries of the fourth and fifth tiers are, respectively, 41°66mm i 
(1°64 inch), and 20°83 (0°82 inch) distant from the coronal suture y 
the median line. | 
The following are the measurements of breadth :— = 


Total breadth measured on the horizontal portion of the infericr | 
boundary of the region 186 mm. (7°32 inches). 

Total breadth measured over middle of frontal eminences 186 mm. 
(7°32 inches). 
Total breadth measured just above frontal eminences 176 mm. (61% 

inches). 

Total breadth measured at a distance of 20°83 mm. 2. (0° 82 inch) from 
the coronal suture on the median line 120 mm. (4°72 inches). — 

The breadth of each lateral half measured on the inferior boundary 
line being 93 mm. (3°66 inches), each of the five districts will measur | 
on this line 18°6 mm (0°732 inches). We have then 27 spaces sie 
to examine, the maximum size of the space being 21 mm. (0°8 inch) by 


19 mm. (0°7 inch). 


With reference to the instruments employed, both thermometer | 


and thermo-electric apparatus have been used. The writer does | 


however, think thermometers reliable in investigations of this kind; | 
for the reason that they cannot be pushed down firmly enough upm 


the surface to empty the superficial vessels. The piles used by tl? 
writer are set in paraffine in an ebonite casing so as to be at som 


distance from the edges of ‘the casing, and the whule bottom,—t0# | 
of piles, paraffine, and ebonite edges,—rendered perfectly flush. 
Pressure with a pile so constructed empties the superficial ves | 
leaving the part pale and bloodless on the removal of the pile. 18 | 
easy with such piles to empty the temporal artery and to test i 
temperature of parts lying beneath it without the least risk of the | 
temperature of the blood in the artery itself interfering. The dangt | 
of error in experiments such as those of M. Broca, is that the tempe™ 
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' tare of the blood of the superficial vessels comes tw affect the thermo- 
meter, a8 well as the temperature of the deeper seated parts. 

Sir W. Thontson’s galvanometer, and one devised by the writer 
himself, already described several years ago, were employed.* The 
rheostat and keys have also been described in 1868.t 

We will now proceed to examine the different spaces of the anterior 


region. 


lst. Comparison of symmetrically situated spaces of the two sides of the 
head, 100 observations on each pair of spaces. as 


The first fact of importance demonstrated by this examination is, 
that inno one of the spaces into which the anterior region is subdivided 
is the temperature wniformly higher on one side than on the other: on the 
contrary, it may be higher on the right side or on the left side in turn. 
We have, therefore, to consider only on which side of the head in the 
majority of cases the higher temperature is found in a given pair of 
spaces. The following is the general distribution of temperature :— 


“ee 


In favour of 


Left side. | Raght side. 
lst Tier. lst Tier. 
Districts—Ist, 2nd, 3rd. Nistricts—4th, 5th. 
2nd Tier. Ond Tier. 
Ist, 2nd, 3rd. 4th, Sth. 
| Srd Tier. 3rd Tier. 
Ist, 2nd, 3rd. Ath, 5th. 
Ath Tier. 


ss Ist, 2nd, 3rd, 4th, 5th. 


4 5th Tier. 


6th Tier. 
pa Ist, 2nd, 3rd. 


Thus in the 27 spaces a side compared, the average relative tempera- 

4 thre is higher on the right side than on the left in 18 spaces, or two- 
thirds of the whole number. 

Next, taking the total number of observations, 2700, and deducting 


* “British Medical J ournal,” January 23, 1875. 
t “ Archives de Physiologie,” July—August, 1868. 
VOL, XXVII, 


fa 
~ 
4 
of 
| 
| 
| 
Let 
=. 
a 
‘ 
> 
‘ 
ON 
4 $4 


172 Dr. J. 8. Lombard on ln 


220 cases of equality of temperature, to be presently considered, da 
following is the apportionment of the remaining 2480 results ;— 


In favour of right side ........ -. 1348 
9 left 9 1137 


Hence the percentages of times of occurrence of relative superiority | 
of temperature for the right and left sides respectively are 54°158 aj. 
45°847. But in the nine spaces in which the left side has the majoriy 
of cases of higher temperatare, this majority is greater than the m 
jority found in the eighteen spaces in which the right side hag th 
higher average: thus, in the nine spaces specified, the left side show 
a mean percentage of 75°069 cases of superiority of temperatm; | 
while in the eighteen spaces in which the right side predominates thy | 
mean percentage of cases of superiority of temperature is 68117; 
that is to say, those spaces which, on an average, are higher in ten. 
perature on the left side are more exclusively so than those which, m 
an average, are higher in temperature on the right side. 

Next, as regards equality of temperature of the two sides, the fl 


lowing are the spaces in which equality of temperature is most fre 
quently found 


lst Tier. 
Districts—Ist, 2nd, 3rd. 


2nd Tier. 
3rd, 4th. 


Tier. 
ia Ist, 2nd, 3rd, 4th. 


4th Tier. 
“ Ast, 2nd, 3rd, 4th. 


5th Tier. 
- Ist, 2nd, 3rd, 4th. 


Thus equality of temperature of the two sides is found in 16 space 
or in 59°259 per cent. of the whole number of spaces. Of the told 
number of observations, 2,700, 220, or 8:148 per cent. show equality d 
temperature. Taking the total number of observations we have the 
following percentages of times of occurrence of superiority of tl 


perature on the right side, on the left side, and of equality of ta 
perature : 


Right side 00°112 per cent. 


99 
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The five highest percentages in favour of the right side are dis- 


tributed as follows : 
- 5th District of 2nd Tier — 76 per cent. 
2nd Sth — 70 29 9 
Ath 29 oth — 69 9 29 
9 6th 99 — 71 9 


The five highest percentages in favour of the left side are distributed 


as follows : 
Ist District of 1st Tier - — 74 per cent. 
9nd 99 99 Ist ” — 77 9 
Ist 2nd ” 74 9 9 
2nd 99 ” 2nd — 76 
2rd 9 ord — 79 


The five highest percentages of seialite of temperature are dis- 


tributed as follows : 
4th District of 2nd Tier — 22 per cent. 
Ist 4 — 22 ,, 29 


The following shows the distribution of temperatare in two cases 
of common occurrence, the one with increase in extent of the tract of 
superior temperature on the right side, and the other with increase in 
extent of the tract of superior temperature on the left side. These 


— from the general order of things often persist for some 
onrs. 


Increase of tract of Right Superiority of Temperature. 


In favour of 


Left side. 
Districts. 
Ist Tier—1st, 2nd, 
2nd Tier—Ist, 2nd, 


3rd Tier—Ist, 2nd, and of 8rd, 
4th Tier— 

oth Tier— 

6th Tier— 


Right side. 

Districts. 

3rd, 4th, 5th. 

3rd, 4th, 5th. 
part of 3rd; 4th, 5th. 
Ist, 2nd, 3rd, 4th, 5th. 
Ist, 2nd, 3rd, 4th, 5th. 
Ist, 2nd, 3rd, 4th, oth. 
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Increase of tract of Left Superiority of Temperature, 


In favour of 
Left side. | Right side, 


| Districts. Districts, 

Ist Tier—Ist, 2nd, 3rd, 4th, 5th. 

2nd Tier—Ist, 2nd, 3rd, 4th, oth. 

3rd Tier—I1st, 2nd, 3rd, 4th, 3 oth. 

Ath Tier—] st, 2nd, 3rd. 4th, , 5th. 
5th Tier—parts of Ist, 2nd, Sed parts of Ist, 2nd, 3rd; 4th, 5th: | 
6th Tier-— Ist, 2nd, 8rd, 4th, 5th, 


Before leaving this - of the subject it may be well to state thi 
the situation of M. Broca’s “‘ frontal” thermometer seems to have bea 
in the neighbourhood of the 5th district, 1st tier, so far as the write 
can judge from the abstract of M. Broca’s paper, which has come | 
under his (the writer’s) notice. Now, for this space, the writers 
results are, 68 in favour of the right side, and 32 in favour of th 
left side; but 3 mmediately adjoining is the 1st district 1st tier of the 
writer’s middle region, and, in the space specified, the figures are a) 
right, 60 left, and 10 neutral. M. Broca’s thermometer may haw 
been in this space. The examination of the middle region does nw 
enter into this communication, and the above remarks are male 
principally to show within what narrow limits the balance of superiority 
of temperature may shift from one side to another. 


Quantitative comparisons of the two sides. 


The following is a summary of the mean results of 100 examination 
of each pair of symumetrically situated spaces. : 

The mean difference of temperature is pretty nearly the same for, 
both sides of the head; thus, the mean difference of temperature itt 
the eighteen spaces which are, on an av erage, of higher temperatar 
on the right side than on the left, is 0°255° C. (0°459° F.) ; while the 
mean difference of temperature for the nine spaces which are é 
higher temperature on the left side than on the right, is 0'241I'¢ 
(0°433° F.) The greatest difference noted is in the 3rd district, i 
tier, left side. namely, 0°461° C. (0°829° F.); the smallest differents 
noted are in the 1st district, 4th and 5th tiers, and in the 2nd distn, 
Ath tier, all right side, the differences being each 0-076° C. (0°136° F} 
The extreme range of difference of temperature is therefore 0" 385" 6. 
(0°693° F.). The mean difference of temperature of all the observ 
tions taken together, irrespective of sides, is 0°247° C. (0°444° F. ) 


2nd.—Comparison of spaces situated on one and the same side of th 
Head. 


(a.) Comparison of spaces situated in the same district a ” 
adjoining tiers—950 observations on each pair of spaces. 
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‘The following is a summary of the principal results ;. 

1st. The whole of the 2nd tier is, in the majority of cases, of higher 
temperature than the Ist tier, on both sides of the head; with the 
exception, that on both sides, the lst district is generally of higher 
temperature in the 1st tier than in the 2nd tier. 

9nd. The whole of the 2nd tier is, in the majority of cases, of higher 


| temperature than the 3rd tier, on both sides of the head; but this 
| majority is much less than that possessed by the 2nd tier over the Ist 


tier. 

8rd. The whole of the third tier is, in the majority of cases, of 
higher temperature than the 4th tier, on both sides of the head. 

4th. The whole of the 4th tier is, in the majority of cases, of higher 
temperature t than the 5th tier, on both sides of the head. 

bth. The whole of the 6th tier is, in the majority of cases, of — 
temperature than the 5th tier, on both sides of the head. 

The mean quantitative results are as follows: 


Left side. Right side. 

Ist district, 1st tier, superior in temperature to 

Ist district, 2nd tier, by 0°03 C. (0°054° F.)..0°04° C. (0°072° F). 
Remainder of 2nd tier, superior to 1st tier, by 

nd tier, superior to 3rd tier, by 0° 08°C. (0°144° F.) .0°068° C. (0°122° F.) 
ard tier, superior to 4th tier, by 0°296° C.(0°532° F.) .0°324° C. (0°5838° F.) 
4th tier , Superior to 5th tier, by 0°312° C. (0°561° F) .0°302° C. (0°543° F.) 
Gt ter, superior to 5th tier, by 0°26° C. (0°468° F) .0°273° C. (0°491°F. ) 


It will be seen from the above figures, that the difference between 


spaces of adjoining tiers on one and the same side of the head is nearly ~ 


as great as the difference between symmetrically situated spaces of 
the two sides. The order in which the tiers come, as — their 
temperatures, is as follows: 

and tier—3rd tier—lst tier—4th tier—6th tier—5th tei: this order 
holding good for both sides of the head. 

(0.) Comparison of spaces situated in two adjoining districts of the 
same tier, 50 observations on each pair of s paces. 

The following is a summary of the principal results :— 

Ist. The 1st district is of higher temperature than the 2nd district, 


‘ in majority of cases, in the lst and 5th tiers, on both sides of the 


2nd. The 2nd district is of higher temperature than the Ist, in the — 
aie of cases, in the 2nd, 3rd, 4th, and 6th tiers, on both sides of 

e head. 

‘ord. The 3rd district i is of higher temperature than the 2nd district, 
in the majority of cases, in every tier, on both sides of the head. 


i a 
2, 
} 
a 
l, : 
i 
iter 
ave 
for q 
0 (, 
TH 
(, 
| 
. 
3 
ong 


176 — On the Temperature of the Head. (Man: | 


4th. The 4th district i is of higher temperature than the 3rd distr | 
in the majority of cases, in every tier, on both sides of the head, 

oth. The 4th district is of higher temperature than the 5th distr ; 
in the majority of cases, in the Ist tier, left side; in the 2nd and jy! 
tiers, right side; and in the 4th tier, on both sides of the head. 

6th. The 5th district is of higher temperature than the 4th distri¢ 
in the majoritv of cases, in the Ist tier, right side; and in the 2nd aj 
3rd tiers, left side. 

The mean quantitative results are as follows :— 


Left side. Right side. 


Rae 


3rd. district —0-043° C. (0-077°F) 
4th district ~0-032° C. ( 0-057° 

4th district —0-012° C. (0-021°R) I 


From the above it can be seen that the mean difference betwen 
districts is much less than that existing between tiers. The orderm} 
which the districts come, as regards their temperatures, is as follows:- 

Ath district, 5th district, 3rd district, lst district, 2nd district; this 
order holding good for both sides of the head. 4 

Lastly, if we take the three groups of examinations, namely, thot t 
on the comparative temperature of the two sides of the head: those 
the comparative temperature of adjoining tiers on one and the samt 
side ; and those on the comparative temperature of adjoining distnds 
on one and the same side, we have the following values :— 


Comparison of the two sides of the Head. 


Average percentage of times of Average difference 0 
occurrence of superiority of temperature ,.) 
temperature of either side of | 
the head over the other...... 61°074 — 0°247° C. (0°444’F) 


Comparison of adjoining tiers of one and the same side. | 


Average percentage of times of Average difference of 
occurrence of superiority of temperature 
temperature of one tier over ; 
another on both sides taken 2 
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Comparison of adjoining districts of one and the same side. ° 
Average percentage of times of Average difference of 
occurrence of superiority of temperature 
temperature of one district over 
another on both sides taken , 
together 65°219 — 0:0554C. (0°099° F.) 


According to the above figures, superiority of temperature of a 
given side of the head over the other, is a little less frequent of occur- 
rence than superiority of temperature of a given tier or district of one 
and the same side over another tier or district. The two sides of the 
head are rarely equal in temperature, but the balance of superiority 
shifts so frequently from one side to the other, -that the percentage of 
superiority for either side, in a given number of observations, is com- 


| paratively small. 


II. “Addition to Memoir on the Transformation of Elliptic 
Functions.” By A. CayLey, F.R.S., Sadlerian Professor of 
Pure Mathematics in the University of Cambridge. Re- 
ceived February 6, 1878. 

(Abstract. ) 


Ihave recently succeeded in completing a theory considered in my 


“Memoir on the Transformation of Elliptic Functions,” Phil. Trans., 


t. 164 (1874), pp. 397-456, that of the septic transformation, n=7. 
We have here 


l—y_1l~a/ 
l+y 1+a\a+Pa?+ yx?+ 62)’ 


a solution of 
Mdy dx 


where an + 28 ; and the ratios a:6:7:6, and the uv-modular 
a 
equation are determined by the equations 
u®(2ay + 2a6 + B?) =v?(q? + 268), 
of + 2By + 208+ 2Bé=v*u?(Qay+ + 2ad+ 
+208) ; | 
or what is the same thing, writing a=1, the first equation may be 


7 
replaced by 6= = and then, a, 6 having these values, the last three 
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equations determine (, 1 ‘and the modular equation. If instead of Bw. 
1 
introduce M, by means of the relation 77=14+28, that is =>] 


then the last equation gives 2y=w*v (5-4) and a, 8, Y 8 


these values, we have the residual two equations 


of + 2By + 206 + 206 + + 2aé +6"), 


viz., each of these is a quadric equation in =z} hence eliminating 4 


we have the modular equation; and also (linearly) the value of i 


thence the values of a, 8, y, 6 in terms of u, v 


Before going further it is proper to remark that, writing as abor 


ami, then if é=S8-, we have 
+q0"), 
1+Ba+ yx? + (1+ 6x) 
and the equation of the transformation becomes 


l+y 1+a\1+82/’ 


viz., this belongs to the cubic transformation. The value of 8 in th} 


3 
cubic transformation was taken to be S=—, but for the present pur 


pose it is necessary to pay attention to an omitted double sign, sil 


3 
write B= this being so, 6=fy, and giving to the value 


7 
will have its foregoing value =—. And from the theory of the cabit’ 


3 


| 3 | 
equation, according as B=— or = ——, the modular equation mus} 


be ut— 0, or v*)=0. 


We thus see d priori, and it is easy to verify, that the equations d : 


the septic ener are satisfied by the values 
a1, B= =; yes and u*—n*+2uv(1— 
v 


a=l, y=—u', o=—, and — 2uv(1— =} 
v 


and it hence follows that in obtaining the modular equation for the septit 
transformation, we shall meet with the factors u*— 


Writing for shortness wv=8@, these factors are ) the 
factor for the proper modular equation is u®+v'—Q@, where 


O=80—286? + 560°— 7064+ 5665— 280° + 80" 
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rin, the equation (1—«*)(1—v*) (1—wv)*=0 is and 
the modular equation as obtained by the elimination from the two 
quadric equations in fact presents itself in the form 


— + 20—20°) "(ut — —20 + =0. 


March 14, 1878. 
(Hs Sir JOSEPH HOOKER, K.C.S.L, President, in the Chair. 


The Presents received were laid on the table and thanks ordered for 
» them. 


The following Papers were read :— 


I, “On Professor Haughton’s Estimate of Geological Time.” 
By Grorce H. Darwin, M.A., Fellow of Trinity College, 
Cambridge. Communicated by J. W. L. GLAISHER, M.A., 

F.RS. Received February 19, 1878. 


_ In a paper recently read before the Royal Society,* Professor 
. Haughton has endeavoured by an ingenious line of argument to give an 
jf = stimate of the time which may have elapsed in the geological history 
of the earth. The results attained by him are, if generally accepted, 
of the very greatest interest to geologists, and on that account his 
| method merits a rigorous examination. The object, therefore, of the 
We ~=séPresent note is to criticise the applicability of his results to the case of 
| the earth; and I conceive that my principal criticism is either incor- 
t tect, and will meet its just fate of refutation, or else is destructive of 
the estimate of geological time. | 
Professor Haughton’s argument may be summarised as follows :— 
The impulsive elevation of a continent would produce a sudden dis- 
Placement of the earth’s principal axis of greatest moment of inertia. 
Immediately after the earthquake, the axis of rotation being no. 
longer coincident with the principal axis, will, according to dynamical 
Principles, begin describing a cone round the principal axis, and the 
} complete circle of the cone will be described in about 306 days. Now, 
: the ocean not being rigidly connected with the nucleus, a 306-day tide 
will be established, which by its friction with the ocean bed will tend - 


* “Notes on Physical Geology. No. III. On a New Method of finding 
Limits to the Duration of certain Geological Periods.” ‘Proc. Roy. Soc.,” vol. 
XX¥1, pp. 584-546 (December 20, 1877). 
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to diminish the angle of the cone described by the instantaneong gui 
round the principal axis: in other words, the “ wabble ” set up by {ij 
earthquake will gradually die away. 
Then by means of Adams and Delaunay’s estimate of the alterations | 
of the length of day, which is attributed to tidal friction, Profegss’ 
‘Haughton obtains a numerical value for the frictional effect of thy | 
residual tidal current. He then applies this to the 306-day tide, and 
deduces the time required to reduce a “ wabble ” of given magni | 
to any given extent. 
He is of opinion that if, at the present time, the instantaneons ayy 
of rotation of the earth were describing a circle of more than}! 
feet in diameter at the earth’s surface, then the phenomenon could 9g | 
escape detection by modern astronomical instruments. From. thy} 
absence of any such inequality he concludes, after num erical caleulp 
tion, “if Asia and Europe were manufactured per saltum, causing} 
sudden displacement of the axis of figure through 69 miles, that thi 
event cannot have happened at an epoch less than 641,000 years befor 
the present time, and that this event may have occurred at an epod 
much more remote.” 
He then passes on to per the case where the elevation tak ) 
place by a number of smaller impulses instead of by one large one 
He treats first the case of “69 geological convulsions, each of whith | 
displaced the axis of figure through one mile,” and where “ the radius 
of the wabble” is ‘“‘ reduced from one mile to 5 feet in the intern 
between each two successive convulsions;” and, secondly, the ca 
where “the increase of this radius is exactly destroyed by. friction 
during each wabble, so that the radius of 5 feet continues constant’ 
In the first case he finds that the total time occupied by the mam 
facture of Europe and Asia is 27} millions of years, and also that “m0 
geological change, altering the position of the axis of figure througt } 
one mile, can have taken place within the past 400,000 years.” Ani 
in the second case, he finds that the same elevation would occupy} 
4,170 millions of years. A little lower he adds: “It is extremely m@ 
probable that the continent of Asia and Europe was formed per salut ; 
and therefore our minor limit of time is probably far short of i 
reality.” 
It appears from these passages that Professor Haughton is of opinidl | 
that a succession of smaller impulses at short intervals will n | 
increase the radius of the ‘“wabble;”’ but it is not very clear o™ 
whether he means that the radius of the “ wabble ” would be the sam 
by whatever series of impulses the principal axis was moved from 
position to another. Now, I conceive that it is by no means necessil] 
that a second impulse succeeding a first should augment the radius o 
the “ wabble;” it might, indeed, annihilate it. I admit that by » 
perly timed impulses the radius of the “ wabble” might be made 5 
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great a8 if the whole change took place by a single convulsion. But 


where the impulses take place at hazard there will be a certain average 
effect on the radius. of the “ wabble,” which, as far as I can see, Pro- 
fessor Haughton makes no attempt to determine. It seems, therefore, 
an unjustifiable assumption that sufficient time must elapse between 
the successive impulses to reduce the radius of the “ wabble”’ to 5 feet, 
for if the impulses took place more frequently they might tend to 


some extent to counteract one another. If this assumption is unjusti- 


fable, then Professor Haughton’s estimate of time falls with it. 

In my paper on the “Influence of Geological Changes on the 
Earth’s Axis of Rotation,’* I have considered the effects of a slow 
continuous distortion of the earth. The results there attained would, 


of course, have been identical, had I considered the effects of a series 


of infinitely small and infinitely frequent earthquakes. 1 presume 
Professor Haughton will agree with me in thinking this supposition 
more consonant with geological science than the larger earthquakes 
which he postulates. 

I will now show, from the results of my paper, that without calling 
im any effects whatever of tidal friction, Asia and Europe might have 
been gradually upheaved in 19,200 years, without leaving any 
“wabble”’ sufficiently large to be detected astronomically, and, more- 
over, that at no time during the elevation could the ‘‘ wabble” have 
been detected had astronomers been in existence to make observations ; 
and further, that under certain not improbable suppositions, this 
estimate of time may be largely reduced. Let a be the angular 


-Yelocity of the principal axis relatively to the solid earth, arising from 


the continuous elevation of the continent; » the earth’s angular 
velocity of rotation; C, A the greatest and least principal moments of 


inertia of the earth; and a= ae 


Then, in section 2 of my paper, I show that the extremity of the 
instantaneous axis describes a circle at the earth’s surface in 306 days, 
and that this circle passes through the extremity of the principal 
axis, and touches the meridian along which the principal axis is 
travelling with velocity a in consequence of the postulated geolo- 
gical change. Strictly speaking, the curve described by the instan- 
taneous axis, is a trochoid, because the circle travels in the earth along 
with the principal axis; but the motion of the circle is so slow com- 


pared with that of the instantaneous axis along its arc, that it is more 


convenient to say that the instantaneous axis describes a circle which ~ 
slowly changes its position. It must be noticed that this circle is 
unlike the “wabble” considered by Dr. Haughton, inasmuch as the 
extremity of the principal axis lies on its arc instead of being at its 


* « Phil. Trans.,” vol. elxvii, pt. I, p. 271. 
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circle i is equal = 


| _ than 10 feet in diameter, and it may set up none at all. But evelll ; 


- more rapid, without increasing the residual “‘ wabble ” : 


instantaneous axis is soparated from the principal axis by 9 amg 


Asia would not displace the pole of figure by so much as 69 milee = 


182 Mr. G. H. Darwin on Geological Time. [Man 
centre. It is shown in the same section that the 


I will now suppose that ie geological changes begin suddenly fron | 
rest, and proceed at such a rate that the variations in the position of 
the principal axis are imperceptible to astronomical observation, |] 
will suppose, therefore, that the extremity of the instantaneous ani 
is never more than 5 feet distant from the extremity of the principal | 
axis. Now, 5 feet at the earth’s surface, subtends very nearly he 


the earth’s centre, and, therefore, to find a on this supposition, = — 


must be put equal to ‘05”. | 
mw is an angular velocity of 360° in 306 days, and if we wisht | 


express a in seconds of arc per annum, » must be expressed in thoy ] 
units, and ‘05'’ must be expressed in circular measure. Thus 
365-25 
60 x 60 x 60 
a= 05 x x8 60 x 60 x 
306 16 


Therefore, ais an angular velocity of 1° (or 69 miles) in 19,200 yearn. 
But, according to Professor Haughton, 69 miles is the displacement : 


of the earth’s principal axis, due to the elevation of Europe and Axis; 
_ hence, at this rate of elevation, Europe and Asia would have im 


heaved up in 19,200 years. — 

Now, if the elevation be supposed to i suddenly, théai ei 
stantaneous axis cannot, at the time of the stoppage, be morejmm 
5 feet distant from the axis of figure, and it may even be coiitmm 
with it. Therefore the stoppage cannot set up a “wabble” ofm™ 


maximum ‘“ wabble” of 10 feet, would, according to Professor . | alg | 
ton, be imperceptible, and @ fortiori the circle of 5 feet in te 
described in the course of the elevation, would be imperceptible. ae 

On any of the following suppositions, the elevation “— be mek | 


(1.) The stoppage of the elevatiou to take place at a ial whelll 


(2. ) The elevation partly satiated by simultaneous 6m 
tions in other parts of the world, so that the upheaval of Europé an 


(3.) The elevation partly or altogether produced by the FS 
tumescence of the strata immediately underlying those contineti 


(See Part VI of my paper above referred to.) 


(4.) a elevation not uniform but more rapid in the cali 
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‘on of the time, so that the magnitude of the “ wabble” would be 
reduced by the friction of the 306-day tide; for we are by no means 
eompélled to believe that that inequality of motion must always have 
remained as small as it is at present. 

| . It appears to me, from these considerations, that the continents of 
Burope and Asia might have been elevated in very much less than 
90,000 years, and yet leave no record of the fact in the present motion 
of the earth. Therefore, if my solution of the problem is correct, 
itis certain that Professor Haughton’s method can give us no clue to 
the times which have elapsed in the geological history of the earth. 


B 


II. “Some Experiments on Conductive Properties of Ice, made 

in, Discovery Bay, 1875-6.” By Staff Surgeon R. W. 

CopPpINGER, M.D. Communicated by Professor TYNDALL, 
F.R.S. Received February 21, 1878. | 


In attempting a series of experiments for determining the rate of 
conduction of heat through sea and fresh-water ice, I have endeavoured 
as closely as possible to follow the suggestions made by Professor 
Tyndall in page 34 of the “Scientific Instructions for the Arctic 
Expedition.” With this view, I have constructed the simple appa- 
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oe a shown in the diagram. It consists of a wooden baseboard (F F), 
q Inches in length by 9 in breadth, on which are fixed two upright i 
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wooden battens (NM), standing 24 inches apart, and connected aboysy_ 
a light crosspiece (OO). Inthe upright battens, at 4 inches above the | 
bases, are apertures 1} inches square, for the reception of the by 
ice (AA) on which the experiment is made, while a series of therm,’ 
meters (DDDD) are placed 4 inches apart, secured above to the cry. 
piece (OO), and having their bulbs imbedded iu the icebar beloy, 

- For the manufacture of ice-bars I had constructed a strong 
tube, 29 inches long by 1} inches in sectional area, from which on being 
filled with water, and exposed to a low temperature, bars of fresh » 
-sea-water ice were obtainable. The removal of these bars from th 
mould was effected by the application of warm water to the ontgide gf | 
the tube, which, melting the — of the ice-bar, allowed it to} | 
extracted. 

The ice-bar, being placed in position, projects, when of its fil 
length, 5 inches beyond the upright batten (M), as shown in the figure, 
Below the projecting end is placed a spirit-lamp (B), fitted withs 
sheet-iron plate (C), curved in such a manner as to prevent the bar 
flame from touching the ice, and to divert the drops of melted ice from 
the wick of the lamp. This lamp can be so placed that its heat wil 
bear pretty accurately on the under surface of the bar at either 2,3 
or 4 inches as desired from M. The thermometers being placed 4 | 

intervals of 4 inches apart, their distances from the source of heat ar 
respectively 6, 10, 14, and 18 inches when the lamp is 2 inches from | 
the upright. Their bulbs are sunk in holes bored in the ice, anda | 
packed in with powdered ice, so as to render the connexion with 
bar as perfect as possible without incurring the risk of the instruments 
being broken. 

At all low temperatures the testiramenie used were Hick’s spin 
thermometers. Although these instruments were supplied to the ship 
as of good reputation, their errors at temperatures below —10° differed 
so much in each instrument for every few degrees of the scale, that! 
found it best in recording the rate of heat-flow along the ice-bar to take | 
the temperature actually indicated by each thermometer uncorrected | 
and to note the range of temperature in each, assuming that its ert im 
for every two or three degrees, at all events, was uniform. 

In the earlier experiments I noted the temperature every 5 mine 
for about 2 hours, beginning 5 minutes after the lamp had beet | 
lighted ; but finding that interval too small to show any decided differ 
ence in temperature, I had recourse to 10-minutely, and ultimately® 
15-minutely intervals. The entire duration of each experiment Wi 
limited to one hour, as by that time so much of the projecting end df 
the bar had melted away as to lessen the influence of the lamp upot it 

In order to determine whether the rise in temperature indicated ly 
the thermometers might be to any extent due to radiation of heat from 

the lamp rather than to conduction through the ice-bar, the therm | 
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meter YY was placed on the inner side of the upright M, having its 
bulb exposed to the air and 5 inches distant from the lamp. Having 
foand from experiments I and II that a certain amount of radiation 
really existed, a broad screen, composed of layers of lint and pasteboard, 
was placed against the outer side of the upright M, and perforated, so 
as to closely encircle the bar in its passage through. This screen was 
nsed in III and subsequent experiments. 

In order to be free from draughts, and yet to be in a place of low 
and pretty uniform temperature, the observations were made in a 
closed-in ice-building on the floe (that which was used as a theatre), 
and the temperatures of the external air and of the air inside the 
building were on each occasion noted. It was found that whenever . 
the temperature in the open air was below —20° F., the temperature 
inside the building was about 10° warmer; this difference being 
accounted for by the heat conveyed through the floe from the sea-water 


beneath. 


From a mean of five experiments on fresh-water ice it appears that 
in one hour from the time when heat was applied, the temperatures at 
the distances of 6, 10, 14, and 18 inches from the source of heat had 
risen 4°45, 1°78, 1°°30, and 0°25, respectively. This result furnishes 
a rough method of estimating the absolute rate of conduction. It 


| would have been more satisfactory if in all cases the observations 


could have been continued until the thermometers indicated fixed 
temperatures, but this was impracticable from the thawing of the end 
of the ice-bar; and if but a very moderate heat had been applied, the 
changes in temperature would have been hardly appreciable. In most 
cases but little change in temperature took place after the hour had 
lapsed, and in the case of experiment VIII, when a series of observa- 
tions extending over two hours was carried out, the thermometer 
gy no material change in temperature throughout the second 
ur. 

Table VI gives the results of a series of observations upon a bar of 
a ice, the rise in temperature being respectively 4°, 2°, 1°°5, 
and 1°°5, 

It will be seen that in Tables I, II, and III, the temperatures indi- 
cated by thermometer YY are given, and that in I and II its ranges of 
temperatures are respectively 4° and 2°°5. In III the screen to prevent 
radiation was used, and every precaution was taken that the tempera- 
ture of the ice-house might be uniform throughout the course of the 
experiment. In this case thermometer YY shows a rise in first hour 
of only 0°25. To exhibit this more clearly Table VIII (the first half 
of which is only a repetition of Table III) is given, when the results 
of observations extending over two consecutive hours are recorded ; 
and from which it appears that the ice thermometers indicated almost 
fixed temperatures from the end of the first hour. The temperature of 
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the house varied but half a degree during the course of the expe! | 


ment, and the thermometer YY showed a rise of only 0°75, whichiy Il 
small when compared with its short distance (5 inches) from {y | 
flame. The results, therefore, afforded by Table VIII may be cong. a 


dered highly satisfactory. 

I refrain from making any general observations or drawing ay | Tir 
special conclusions as to the subject of this paper, but simply submi | 
the above few observations with the hope that in abler hands thy eg 
mine, the facts which they contain may be made to add something) 9 
our knowledge of the conductive properties of ice. ) 10 


I. Fresh-water Ice. Flame 6 inches from nearest Thermometer, fam | ™ 


Temperature of outer air = — 37°. January 3, 1876. 


Tempera-| 
Time. Ther. 1. | Ther. 2. | Ther. 3. | Ther. 4. | turein ice ve 
house. 
9 | —26-75 | —27-75 | —24-00| —-28:00| -—24 | | | 
9 23 | —26-00 | —27-00 | —23°5 | —23:00| | —25 | Sams 
9 38 — 24°5 —26°25 | —23°00 | —23°00 —23 —%4'5 
9 53 —22°5 — 25°25 | —22°5 — 22 -00 — 22 — 235 
10 8 —21°5 —24°75 | —22°00 | —21°5 — 22 — 23 
Range .... 5°25 3°00 2°00 1°5 2 4 ” 
II. Fresh-water Ice. Flame 6inches from nearest Thermometer. ) 
December 28, 1875. 
Tempera- Ther. 
Time. Ther. 1. | Ther. 2. | Ther. 3. | Ther. 4. | ture in VY, 
house. | 
hours min. 
5 55 | —24°5 | —25-25 | —21°-25 | 25-25 | 
' 6 2 | —22 —24 —20°75 | —20°25 i —23 
6 4 |-21 | —20°5 | —19°75 23 
6 55 —19°5 — 22°75 | —20 —19°75 | —25°25 —22 
Range....{ 2°5 2 15 oo | 3% 
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Il. Fresh-water Ice. Flame 6 inches from nearest Thermometer. 
Temperature of outer air = — 43°. January 7, 1876. 


Tempera+ 
Time. |Ther. 1. | Ther. 2. | Ther. 3.| Ther. 4.| ture in > Remarks. 
ouse. 
9 44 | —23 — 24 —21 —20 —21 —23 Screen used 
10 1 | —22°25| —24 — 20°75 | —20 — 20°75 | —22 to prevent 
10 16 | —21 —23°5 | —20°5 | —19°90| —20°5 | —22 radiation. 
10 31 | —20°1 | —23°25|) —20°5 | —20 —20°75| —22 
10 46 | —19°75| —23 — 20°25 | —20 —20°5 | —22°75 
Range..} 3°25, 10 | 0°75] 00 | | 0:25 
Curve of relative Conductivities. 
Fresh-water Ice. II. 
Seawater Ice. 


IV. Fresh-water Ice. Flame 6 inches from nearest Thermometer. 
Temperature of outer air = — 34°. January 11, 1876. 


Time. Ther. 1. Ther. 2. Ther. 3. Ther. 4. Temperature 

hours minutes ° ° 

12 13 —19°25| —16 —16 —18°5 —17 

12 28 —18°25 | —17°75| —15°25| —18 —16 

12 43 —17 —15°1 —17°5 —15 °75 

12 58 —16 —14°75 | —15 —17°5 | —15°25 

13 —-14°75| —15 —17°25| —15 
4°25 1°25 | 1°25 2. 
VOL. XXVIE. 
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V. Fresh-water Ice. 


On Conductive Properties of Ice. 


Liter 

(Mar, 14 


Flame 6 inches from nearest Thermometg,, 


Temperature of outer air = — 46°. February 10, 1876, 


Time. Ther.1. | Ther.2. | Ther.3. | Ther. 4, |Zem 
of ouse, 
6 50 —22 —20°75 | -21°5 | —21':5 | 
6 5 —21°5 | -—20° | —21°25| —21°25| 
—20 —20 —21 —21 
6 35 —18°25 | —20 —21 —21 
6 50 —17°5 | —19'16| ~—20°75| +321 
Range...... 1°15" 0°75 0°5 0% 


VI. Sea-water Ice. 


Flame 6 inches from nearest Thermometer. 
March 13, 1876. 


Time. Ther. 1. | Ther. 2. | Ther. 3. | Ther. 4. of 
11 —25 — 24 —24°5 —24°5 — 
11 22 —24°25 | —23°25| —24 — 24 — 24°75 
11 37 —23 1 —22°8 — 23°75 —23°75 | —24 
—22 —22°1 | —28°1 | —23°1 | 
12 7 —21 —22 — 23 — 23 — 23 ‘25 
Range... 4 2 1°5 1°5 2°26 


VII. Sea-water Ice. Flame 8 inches from ‘aieee Thermometer. 


Temperature of outer air = — 55°. February 29, 1876. 


Time. Ther. 1. | Ther. 2. Ther. 3. | Ther. 4. 

6 15 —22 —2) —21°5 | —21°5 —2 
6 30. —21°75 | —20°5 —21 °4 —21°5 | —2 
6 45 —21 —20°25 | —21°1 —21 °2 —2 
7 0 —20°75 -20°1 —21 —21°1 — 
7 15 —20°1 —20 —21 —21°1 — 20% 
Range ....+- 1°9 1°0 0°5 
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Vill. Fresh-water Ice. Flame 6 inches from nearest Thermometer. 


‘Temperature of outer air = — 37°. January 3, 1876. 
Heat applied continuously for two hours. 


| 
y | |> Time. | Ther. 1. | Ther. 2.| Ther. 3. | Ther. 4. a of ice vr 
| | ouse. 
10 1 — 22°25 | —24 — 20°75 | —20 —20°75 | —22 
10 16 —21 —23°5 | —20°5 | —19°9 | —20°5 | —22 
10 —20°1 | —23°25| —20°5 — 20 —20°75 | —22 
10 46 —19°75 | —23 — 20°25 | —20 —20°5 | —22°75 
— 11 1 —19°25 | —23 —20°25 | —20 - | —20°5 | —23 
i. 16 —19°5 | —23 —20°5 —20 —21 = 
li 31 —19°25 | —23°1 | —20°5 | —20°25 | —20°9 | —22°5 
ie ll 46 —19 —23 —20°25 | —20 —20°75 | —22°25 
Rangeinlhr.| 3°25 1°0 0°75 0 O65, 0°25 
Range in 2 hr. 4 1 0°75 0 0°25 0°75 
r. 


ill. “On the Function of the Sides of the Vessel in maintaining 
the State of Supersaturation.” By. CHARLES TOMLINSON, 
F.R.S. Received February 21, 1878. 


, Before any consistent theory can be framed of all the phenomena of 
fe supersaturated saline solutions, it is necessary to determine whether 

the sides of the vessel bear any, and what part, in maintaining the 
state of supersaturation. 

Itis remarkable that among the multitude of memoirs and papers 
that have been published on the subject of supersaturation generally, 
and of special phenomena in particular, my reading should not have 
made me acquainted with any special experimental researches con- 
ducted with the view of determining the point in question. | 

In 1819, Gay-Lussac* seeing how easily a supersaturated solution 
of sodic carbonate can be made to solidify, by merely shaking the 
vessel, expressed his opinion that the state of supersaturation depends, 
not on a chemical, but a purely mechanical force. ‘We cannot,’’ he 
says, “fix the point at which supersaturation ends, since it is entirely 
aecidental in each experiment, depending, as it does, on the nature of 
the vessel, its polish, its conducting power, and the agitation of the 
air,” 
a In 1851 Lamyt arrived at the conclusion that the form, thickness, 
| | Mm “td nature of the vessel, and the quantity of solution contained 
therein, have no influence on the state of supersaturation. 

* Ann. de Ch. et Phy., 2e Serie, xi, 303. + Comptes gag 
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Léwel,* whose researches extend over about ten years, nam 


from 1848 to 1857, makes frequent reference, in the course of hy 


six memoirs, to the sides of the vessel. He is of opinion that the 


rities of the sides exert no action in determining ‘crystallisation; thy} 


nothing certain can be affirmed as to the size of the tubes in producing 
such an effect; that it is not a mechanical action, as Gay-Lussae mp, 


posed; that heat deprives the sides of their active, or as he callyit. 
dynamic power; that even in an open tube the sides are not ing! 


passive state; that nothing is positively decided as to the action gf 
the sides. He also refers to that mysterious unknown force whic 
holds the crystals in an abnormal state; he also speaks of the inne 
surface of the flasks recovering that particular property of determp. 


ing crystallisation which heat had deprived it of, the cause of whichi/ 
unknown; and in his last memoir he supposes that the sides determi | 


the formation of the normal salt by an action of contact. 
I have already expressed my opiniont that had Lowel worked wit 
chemically clean flasks and tubes, he would not have encountered » 


many contradictory results, or have expressed so many uncertain sl 


conflicting opinions as those above quoted. 


In 1866 Jeannelt threw out an opinion that the state of supersatun. 
tion is maintained in closed vessels by reason of the attraction of the: 
sides and the saturation of the interior air. a 

I had long ago formed an opinion that the adhesion of the solution] 


to the walls of the vessel is an important function in maintaimy 
the state of supersaturation; and it seemed probable if this were 
that any force that could effectually detach the solution from a smal 
portion of the side, below the surface, would cause the whole system 
to break down. | 


The most obvious mode of experiment seemed to consist in rubbing: 


the interior surface with a clean wire. About five years ago I obtaindl 
a number of results in this way, but did not think them sufficiently 


important or trustworthy for publication. One source of fallacy som | 


became obvious. On moving the wire up and down in a nearly verti 
direction, a film of the solution is being constantly dragged above tle 
surface, which film, in consequence of rapid evaporation, disengage! 


molecule of the salt, and this acts as a nucleus to the whole of tt: 


solution. Attempts were made to prevent such an effect by tyings pitt 
of linen dipped in hot water loosely round the neck of the tube, and pat 
ing the wire through the cloth into the tube, but the result wasm 
satisfactory; for unless the crystals could be seen actually to sat 
from the place rubbed and to spread from this point alone through the 
solution, no fair conclusion could be formed as to the effect of i 
rubbing. Friction with platinum, brass and steel wires seemed” 


* Ann. de Ch. et de Phy. ) 
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have little or no effect on solutions of sodic sulphate and sodic acetate. 
The most satisfactory results were obtained with magnesic sulphate; 
bat with this and other solutions the results varied with the state of 
the weather as the crystallising force varied, and also with the nature 
of the rubber, whether a glass rod or the wires just named. 

At length it occurred to me to line the tubes with some substance 
which is not wetted by the solution or imperfectly so. Accordingly, 
two large tubes (5 oz. and 3 oz.) were made chemically clean, and 
coated with a solution of amber in chloroform. They were three parts 
filled with a solution of sodic sulphate (2 to 1), covered over, and left 
until the next day. A stout platinum wire was taken out of hot 
water and introduced into each tube, when moderately hard friction 
was made in a vertical line about one-sixth or one-eighth of an inch 
in length. A crystalline brush immediately diverged from the part 
robbed, and spread all through the solution, the mass of which was 


| sufficient for the eye to note the details, and to convey the assurance 


that crystallisation set in from the part rubbed and from that only. 

The advantage of using amber is that the coating, being transparent, 
allows the progress of the experiment to be watched. The same 
advantage may, however, be obtained at less cost and trouble, by 
means of resin, a small quantity of which, in powder, together with a 
few drops of spirits of wine, heated in the tube over a spirit lamp, 
enables the operator easily to spread a coat evenly upon the inner sur- 
lace by moving the tube about while it is still warm. 

A number of .one-ounce tubes, coated in this way, were filled with a 
stronger solution of sodic sulphate (3 to 1) than that before employed. 
The result was satisfactory: the solutions often became solid in cool- 
ing, and always when the inner surface was rubbed with the platinum 
wire, | 
The experiment was also made comparative by placing an uncoated 
by the side of a coated tube, and so leaving them to cool covered with 
glass capsules, or small beakers. The solution in the coated tube 
4 solidified in cooling, and always remained liquid in the uncoated 

The results as obtained with supersaturated solutions of other salts 
also showed how greatly they depend for their stability on adhesion. 
The system always broke down when a portion of the solution was 
detached from the side, by the rubbing action of the wire. The solu- 
hon of each salt, however, presented those characteristic features of its 
own, which form one of the principal charms in the study of natural 
objects. In the ammonia alum solution (1 to 1) the octohedral crystals, 
under the action of rubbing, seemed to bound forth towards the axis 
of the tube. In the magnesic sulphate solution (3 to 1) the disengaged 
crystals were too minute to appear, except as a chalky-white line fol- 
lowing the motion of the wire. Zincic sulphate (3 to 1) formed small 
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woolly-looking crystals after a slight rubbing, and although the wp | 
was rapidly withdrawn as soon as the crystals began to appear, it |i 


behind it a curious kind of trail, consisting of an axis of the formg 
the wire, repeating its bends and irregularities, while small agicny 


crystals started out at right angles to this line, and thickly stndiy 
it soon after the whole of the solution became solid. Zincic acetyp 


(1 to 1) did not display crystals as soon as the side was rubbed, hij. 


slowly, in the course of half-an-hour or so, the part rubbed way 
cupied by a dense crop of beautiful crystals, the points of whid 
passed beyond the axis of the tube. . | 


Sodic acetate solution does not readily yield to the effort of rubbing 
except in certain states of the weather when the crystallizing fore 
strong ; but a case occurred to me some years ago which exactly suit | 
my present purpose. Several flasks containing a highly supersaturatal | 


solution of sodic acetate, to which oil had been added without ay 
nuclear effect, were emptied into a small, stout cylindrical glass, wher 
it remained during some weeks without change, the layer of oil onik 
surface preventing it from absorbing moisture. It was several tims 
stirred with the finger without effect, for this, on being introducal, 


became coated with oil and so prevented contact. The finger wu) 
then pressed against the strong side of the vessel with a considerable : 
amount of force and drawn slowly from the bottom upwards. Th} 
solution immediately became solid. I attributed this effect at th} 
time to nuclear action, but I now regard it as an excellent illustration | 


of the point which I am seeking to establish. 


A supersaturated solution of sodic carbonate is very sensitive to aly | 
interference with its adhesion. A speck of carbon or of ferrous oxih, ’ 


coming to the surface within the tube, is sufficient, on.cooling dom 
the solution, to cause the salt to start from the speck in crystallin 
lines in all directions, producing immediate solidification.* 


In addition to amber and resin some tubes were coated with other | 
substances, such as sulphur, shellac, stearine, and paraffin; but #) 


some of these, in addition to the objection of being opaque, meltal 
when the boiling solution came into contact with them, | 


not refer to them any further, except perhaps to paraflin, wil 


which an interesting result was obtained. <A large tube was lined 
with paraffin and passed, telescope fashion, over a smaller tube, 
taining a nearly boiling solution of sodic sulphate. When cold, th 
tubes were slowly reversed, so as to pour the solution into the coated 


tube ; but it solidified as soon asit came into contact with the parafit. 
_ If, however, it were poured in while still warm, the solution accom | 


* In the experiments which I had the honour of exhibiting to the Society after 


the reading of my first paper (28th May, 1868), a case of this kind occurred-and ™ } 


pointed out by my late lamented friend, William Allen Miller, as “a very prett 
effect.”’ 


(Mar. 1 


| | 


1878.) the Function of the sides of the Vessel, &c. 193 


Pa ad itself to the new circumstances and remained liquid when 


"The results of these experiments seem to point to the conclusion 
that adhesion to the side of the vessel is one of the conditions under 
which the state of supersaturation is maintained; and that what- 
ever interferes with this adhesion, must prevent supersaturation or 
destroy it. | 

This conclusion was tested by another mode of experiment, starting 
from the idea that if the solution were made to expose an amount of 
free surface, about equal to the surface of contact with the vessel, the 
adhesive force would scarcely be sufficient to maintain the state of 
supersaturation, and the solution in cooling would crystallise as in an 
open evaporating dish. This is what really did happen in the case of 
ammonia alum (5 to 3). ‘The solution in three covered shallow 
vessels deposited massive crystals in cooling, and when cold, the 
mother liquor was no longer supersaturated. A solution of the same 
degree of strength was boiled in a flask and the opening plugged with 
cotton-wool: this deposited no salt in cooling, because the area of 
adhesion was greatly in excess of that of the free surface. The solu- 
tion under such conditions will remain unchanged for months. In all 
cases the re-boiling of the solution in the flask into which it is filtered 
greatly promotes adhesion, and, consequently, the duration of the 
solution in the state of supersaturation. 

Bat to return. A similar crystallisation took place in the case of 


_ sodic sulphate; but that arose chiefly from the kind of vessel used and 


the mode of covering it, as will be noticed presently. I must first 
refer to supersaturated solutions of sodic sulphate (3 to 1) ‘in shallow 
foot glasses, four inches in diameter and one inch deep in the middle. 
The boiling solution was poured into these glasses, which were 
immediately covered with shallow glass vessels, inverted over them so 


: as to fit nicely and rest on their edges, or to fit with friction to the 
ades. The result was curious and interesting. Instead of erystallis- 


ing in cooling, the solution relieved itself by throwing down large 
quantities of the seven-watered salt in finely shaped masses, while the 


_ liquid portion remained supersaturated.* Next day these solutions 


were taken into the open air and uncovered. From a point at the 
extreme edge of each, crystallisation set in and spread like a fan over 
the surface and through the solution. This was not a case of nuclear 


*A three-ounce flask was coated with resin, and into it was poured a boiling 
tolution of magnesia sulphate (3 to 1). The flask was covered with a small beaker 


_ 4nd set on the window ledge to cool. A fine display of crystals of the modified salt 


sprang from the bottom nearly to the surface of the solution, which remained super- 
satuated. Here again, as in the case of sodic sulphate, the solution relieved itself by 
this deposit and there was sufficient adhesion on the part of the remaining liquid 
fo maintain a moderate degree of supersaturation. 
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action derived from the atmosphere (rain having fallen during a 
hours and having scarcely ceased) but was due to another force. lag the 
summer, as noticed in my former paper,* drops of sodic acetaty @ Ma 101 
posed on glass always started the crystallisation from the edge, § HN bi 
in these wide shallow glasses in the open air, crystallisation set in from me ch: 
the edge, or capillary curve, where the solution is most drawn ont ij an 
attenuated. Now, supposing evaporation to be active all over th ba 
surface, this thin portion, becoming thinner by the process, would dis 
the first to detach a molecule of the salt, and this, once set free, wonlj : 
act as a powerful nucleus to the whole. Lines, or rather thin Planes lar 
of crystals, diverge from the point, and this so quickly as not to afford MN ite 
time for the molecules to arrange themselves into crystalline forms, sal 
On one occasion the mass of seven-watered salt rose so near th Mame 12 
surface, that the solution resting on it was scarcely more than a film ge 
This, by evaporation, also disengaged a minute portion of the norml th 
salt, which acted as a centre of crystallisation. _ si 
Solutions containing two parts of salt to one of water behavel 
much in the same way as the stronger ones. <A weaker solution, on Mm A 
taining only one of salt to one of water, accommodated itself to the m 
conditions under which it was placed. It did not deposit any 
modified salt, and on being uncovered in the open air, crystallised from 82 
the edge. | | | tt 
In the case before referred to, where the solution crystallised n be 
cooling, as in an open evaporating dish, namely, in the form of lage Hy 


prisms of the normal salt, the vessel was a shallow dessert dish witht iy 0 
scolloped edge, so that the protecting cover did not confine the ar Hy § 
over the surface of the solution, but allowed it to circulate; hence, 2 | 
cooling down, the molecules were also in a condition to circulate ant 
gradually to arrange themselves into groups, ready to assume the 0 
crystalline form when the temperature had sufficiently declinel 
Whereas, in closely covered vessels, the strong adhesion to the sil | 
prevents this circulation and re-arrangement, the adhesion holding the 
molecules in a forced state, bearing some kind of analogy to the glass | 

in Prince Rupert’s drops and the Bologna phial. : 

It must also be noted, that in the last case also, there was 00 
nuclear action; for, had there been, the solution would have cooled 
down to a certain point, and then have suddenly crystallised in closely 
packed planes; whereas, in the case now referred to, the crystals wet 
large and of the usual shape, while the mother liquor was no longtt 
supersaturated. | 

Solutions of zincic sulphate and of magnesic sulphate (3 to 1 eath) 
in these covered shallow vessels, also threw down a good deal of the 
modified salt, in the case of the zinc solution the monohydrated salt 


* Proc. Roy. Soc., xxvi, 528. 
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in long clustered cylinders, but being left undisturbed for a day or so, 
the remaining supersaturated liquor in both cases became solid, the 
normal salt being formed. Sodic acetate solution (6 to 13) poured 

toiling into these large shallow vessels and covered over did not 
change during twenty-four hours. On being taken into the open air 
and uncovered, the solutions remained some time in the liquid state, 
but on touching the bottom of sis vessel with the finger, they imme- 
diately became solid. 

The alum solution, before referred to, ‘deposited the normal salt in 
large crystals, while the solution was still warm. It could not relieve 
itself in any other way, because by its constitution it cannot form a 
salt of a lower degree of hydration than the normal, that is, with 
12 aq., and the throwing down of that in considerable masses, so as to 
get rid of the state of supersaturation altogether, forcibly illustrates 
the dependence of that state on the adhesion of the solution to the 
sides of the vessel. 

The weather was mild while these experiments were in progress. 
At lower temperatures the solutions would doubtless have been even 
more sensitive. | 

The result of these experiments satisfies me that the state of super- 
saturation is dependent on the adhesion of the solution to the sides of 
the vessel, coupled with the tension of the surface. This tension may 
be lowered, so as to throw more work upon the other force, which it 
may be able to bear; but anything that effectually detaches a portion 
of the solution from contact with the sides of the vessel, produces the 
sudden crystallisation of the solution. 

If this view be correct, many of the phenomena of supersaturation 
are accounted for, and the whole subject is far advanced towards that 
obedience to law, which can alone invest it with dignity. 
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March 21, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President in the Chair, 


The Presents received were laid on the table and thanks ordered fy 
them. 


The following Papers were read :— 


I. “Contact Theory of Voltaic Action.” Parts I and II; By 
W.E. AYRTON and JOHN PERRY, Professors in the Impenl 
College of Engineering, Tokio, Japan. Communicated by! 
Professor Sir W. THomson, F.R.S. Received October} 
1377. | 


PART i 
I. 


The contact theory of voltaic action seems to have undergone m 
development since the date of Sir W. Thomson’s experiment, which 
consisted in connecting a plate of zinc and a plate of copper by meas 
of a drop of water, when it was found that the metals were brought | 
the same electric potential, although when metallically connected they 
were at different potentials. He believed that any electrolyte woull 
behave in exactly the same way as the water of his experiment, equ 
izing the potentials of any two metals connected by it. The elect 
motive force of a simple cell, ought, in accordance with the theory, to 
be equal to the difference of potentials between zinc and copper | 
contact. A test founded on this deduction was very difficult to apply, | 
because there was no exact determination of the difference of potentiil } 
of zinc and copper in contact, Sir W. Thomson, in his experimet | 
having really measured the difference of potential between air af tht 
surface of a zinc plate, and air at the surface of a copper plate. I 
the absence of this test, the equality of the electromotive forces @ 
simple cells in which zine and copper are the metals (the liquids beimg 
water, dilute sulphuric acid, and sulphate of zinc) was held as a prot 
of the theory. Now it is known that when two pieces of the sail? 
metal are dipped into any two liquids, which are diffusing into om 
another, a difference of potentials is established between the meta 
and the electromotive force of a cell of this kind can in no way depend 
on a difference of potentials due to metallic contact. So that although 
in such a cell there is an action which is somewhat the same-as the 
action in a simple voltaic cell, the theory took no account of it what- 
ever. In fact, the explanation of voltaic action given in the latest 


| 
| 
| 
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| treatises on electricity is felt to be incomplete, even by the writers of 
such treatises, and the present investigation has been’ entered upon in 
consequence. | | 

Sir W. Thomson’s result, and our own experiments lead us to 
imagine that when zinc and copper are immersed in water there are three 
successive states to be noticed :—At the instant of immersion the zinc 
and copper may be reduced to the same potential, so that the electro- 
motive force of the voltaic cell H is equal to the difference of potential 


ZC between zinc and copper in contact; the zinc now becomes nega- 


tive to the copper, so that H reaches a limit which is greater than ZC; 
lastly, if a current passes, polarization occurs and the zinc becomes 
gradually less negative to the copper, £ diminishing, therefore, from 
its maximum value. But when a saturated solution of zinc sulphate 
is employed instead of water, the first state, if it exists at all, exists 
for so short a time that practically, zinc and copper in zinc sulphate 
are never at the same potential. Thus (see Table X) when care is 
taken to keep the zinc and copper in .a water cell well insulated from 
one another, H is found to increase from a value very little greater 


than ZC, the electromotive force of contact of zinc and copper, to a 


nich limit, but in a zinc sulphate cell no such great increase is observed. &@ 
Ans In our present experiments we are not concerned with instantaneous i@ 
tt) Mam clectromotive forces of contact, a short time elapsing in every case |g 
hey between the contact and the determination of its electromotive force ; \@ 
ald and with polarization in the ordinary sense-we have equally no con- t 
13) cern. In fact, our experiments relate to the maximum electromotive | | 
forces of simple and compound cells. 
to We find that zinc and copper connected by the electrolyte zinc g 
‘in Mm ‘Sulphate, dilute sulphuric acid, or water are not at the same potential, ia 
oh, fm the zinc being negative to the copper. In the case of dilute sulphuric ii 
till where polarization cannot be prevented, the negative charge of 
a, fm ‘ezinc rapidly diminishes so that there is an instant at which the : | 
the metals are reduced to the same potential; from Sir W. Thomson’s | 
I result we may suppose that there are two such instants. | 
of We did not measure the potentials of the surfaces which we mention 1 
ing Mm utreally of air in the neighbourhood of these surfaces, but the dis- | 
oof crepancies of our results are sufficiently small for us to neglect what- 

me ever difference of potential may exist between a metallic or liquid q 
yne surface, and the air in contact with it. In fact we have good reason 
als, o believe that there is no great difference of potential between a | 
nd metallic or liquid surface, and the air in contact with it. 
gh Our experiments show, but not with as much accuracy as might be _ 
the desired, that the electromotive force of contact of two metals or two 


electrolytes, or of a metal and an electrolyte is in each case a constant ; 
that is to say, if ‘AB means the electromotive force of contact of the 
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‘metal or ‘electrolyte A, and the metal or electrolyte B (measured why! 


The proof of this law is very important, as it is often denied with} 
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A and B are not in contact with other conducting substances), 43} 


being identical with — BA; then the total electromotive force of any | 


closed heterogeneous circuit composed of the substances A, Bt 
N is :— 


AB+BC+ &. +NA. 


experimental data. Profesor F, Jenkin says :—‘‘ The following gerg 
of phenomena occur when metals and an electrolyte are placed in om 
tact :—1. When a single metal is placed in contact with an el 


a definite difference of potentials is produced between the liquid al 


the metal. If zinc be plunged in water, the zinc becomes negatin, 


the water positive. Copper plunged in water also becomes negative! | 


but much less so than zinc. 2. If two metals be plunged in water (y 
copper and zinc) the copper, the zinc, and the water forming: 


galvanic cell, all remain at one potential, and no charge of electnciy 


is observed on any part of the system.” 


It will also, we think, become evident that the natures of th} 
metals and of the electrolytes determine the electromotive force 01 


voltaic cell, just as the natures of the metals and the distribution d 


temperature determine the electromotive force of a thermo-electne’ 


arrangement, and as the nature of the two metals zinc and copper de 
termines the electromotive force of Sir W. Thomson’s mechanical el 
in which copper filings fall from a copper funnel through a zine 
ductor, in metallic connexion with the copper, into a copper vessel. 


Il. 


At the surface of contact of two conducting substances there is a 
electromotive force of definite amount which tends to make electric | 


flow from one of the substances to the other. For instance, a¢ ti? 


junction of zinc and copper there is an electromotive force of 0°70 vol 


which tends to cause electricity to flow from the copper to the mm 
across the junction. This flow ceases when the potential of the sint 
is 0°75 volt greater than that of the copper, the difference of potential 
of the metals balancing the electromotive force of the junction. It 
this difference of potential which is measured by the apparatus whid 
is described below. When a substance M is said to have a hight 
potential than a substance N in contact with it, we mean that the 
state has been established in virtue of an electromotive force Wi 
exists at the junction of the substances, and that the electromotit 


* We found that copper is positive to distilled water, zinc being negative tot : 


water. 
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free of contact tends to produce a current of electricity from N to M 
aeross the junction. 
sir W. Thomson’s method of measuring the difference of potential 
hetween two metals in contact, which consisted in hanging a needle 
etrically over two similar plates of different metals, and observ- 
ing its deflexions when it was charged, first positively and then nega- 
tively, requires, in order to be accurate, all the delicacy of the arrange- 
ment and even more complicated contrivances than those employed in 


the quadrant-electrometer. It will be easily scen that a series of 


experiments for determining the difference of potentials between pairs of 
metals, pairs of liquids, and between liquids and metals, could only with 
the very greatest difficulty be carried out by a method which virtually 
requires the taking to pieces and refitting of a quadrant-electrometer 
for every experiment. The authors’ attention was, therefore, directed 
to devising a method of investigation in which a delicate quadrant- 
electrometer would be employed to measure the difference of potentials 
between two similar metal plates themselves acted on inductively by 
parallel and equidistant plane surfaces of the two substances in contact, 
the difference of potentials between which it was desired to measure. 
Thus let A and B be two insulated brass plates connected with the 
electrodes of the electrometer. Let C under A and D under B be the 
surfaces whose difference of potential is to be measured. A and B are 
hoth put to earth and then insulated. C and D are made to change 
places with one another, C now being under Band D under A. The 
deflection of the electrometer needle will now give a measure of the 
difference of potential between C and D.* : 

The apparatus, by means of which our idea has been carried out, 
has, by a process of natural selection, assumed the form shown in the 


| accompanying drawing. (Plate 7.) The circular brass plates A and 


B, 20-4 centims. in diameter, are supported and kept insulated by 
means of artificially dried glass stems. The leaden cups J, containing 
pumice stone moistened with sulphuric acid, slide in H by a bayonet- 
joint, and may be lowered by the handles J so as to rest on the brass 
plates when the instrument is not in use; thus preventing access to 
H of the external air. 

The permanent adjustment for coincidence of the plane surfaces of 
the brass plates is effected by means of three wood-screws in each of 
the brass caps K; temporary adjustment for horizontality of the brass 
plates is effected by means of a spirit level and three levelling screws 


* Suppose Cand D to be very large, and that the protecting covering of the 
‘pparatus is far away from the msulated plates. Let the coefficients of induction of 
the two sets of quadrants when there is a difference of potential d between them be 
‘+dm and s—dm. We know from the position and shape of the needle that this is 
approximately true. Let a be the area of each of the insulated brass plates 4 and 
B; tthe distance from 4 to Cor from Bto D. Let « be the potential of the sur- 
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TT, which support the wooden frame WPW', and the positions of whig | 
on the three wooden blocks 7" are fixed by “hole, slot, and plane” Oy 
of these levelling screws has been removed in the drawing to — 
lifting arrangement. 


F and G are strips of brass soldered to the plates A and B, gj! 
connected by means of clips to wires leading to the insulated electrody } 
of the quadrant electrometer, and to the insulated screws A’, BY of the’ 


short-circuit key. 


In the drawing we have chosen to arrange the apparatus for dete. | 
mining the electromotive force of contact between a metal D and, | 


liquid OC. VS is a screw-jack which enables the oblong wooden tabk 


OS'O' to be raised to any level, and the table may be turned romi | 


horizontally at any level. Three levelling screws, working in nutein 


the table, support the metal plate D, and three others, exactly similar, | 
support the porcelain vessel G which contains the liquid, so that the | 
upper surfaces of both ( and D are in the same horizontal plane. 4 


binding screw a is soldered to the plate; in the present case it holds 


the metal strip HZ, which makes contact with the liquid; H must haw | 
been cut from the same sheet as the — D. When there are two | 


face C, and a+ the potential of D at the beginning of the experiment. Whend } 


and B are connected to earth, the charge on 4 and its electrometer-quadrants is - 
aa | 
—sV 
V being the potential of the needle. The charge on B and its quadrants is 


_ad+r) sv 
4nt 


After reversal, if C has a potential y and D, therefore a potential y + v, the chargea : 


A and its quadrants is 
a 
{s—m(Va—Vp)}(Va —V) 
And the charge on B and its quadrants is 


where V, and Vx are the iii of A and B respectively. Equating the * 


spective charges before and after reversal, and subtracting, we get 
(Va-Vs) 


"if we might neglect the change of capacity of the quadrants, we should have — 


(Va — Vz) 
Ant 


so that » varies as (Va — Vx). 


Now our experiments show this to be the case, and consequently (2) gives the 
correct value of v. 
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vomels of liquid, contact is made between the liquids by wetting a 
pieee of cotton wick in one of the liquids and allowing its ends to dip 
below the liquid surfaces. 


| The brass rods N’, insulated where they pass through the wooden 


tame by glass tubes and bone washers, are gauges which may be 
lwered or raised until their ends are at fixed distances below the level 
of the plates A and B. By the reflections of these ends at the surfaces 
of the liquids or plates, we can judge of the position of the level sur- 
fees 0 and D. The wooden pegs O and 0’, and a vertical slot in the 
stand at W" W"", enable a reversal of C and D to be made with accuracy 
and rapidity. | | 

The parts of the frame W'W"'W""' in view of the brass plates are 
covered with tin plates or tin foil, connected with the outside of the 
electrometer. “A tin plate door, of which the hinges are seen at MM, 
shuts up a metal box enclosing the whole apparatus, including the 
electrometer, short-circuit key, and connecting wires. This box is 
permanently in connexion with the outside of the electrometer. The 
pug Z of the short-circuit key is kept connected with this cover 
through a hole in which it may be withdrawn from its bed to insulate 
the plates. | 3 

We shall now describe a complete operation, to obtain the electro- 
motive force of contact between a metal and a liquid, for example. 
Suppose the permanent adjustments to have been made, and that the 


plates A and B are quite bright. The plate D is cleaned and laid on 


the levelling screws R; the porcelain dish containing the liquid is laid 
m the levelling screws Q@. By turning S and the levelling screws 


(0 moving in its slot), and by the use of a gauge gh of which the h 


part represents the distance apart determined upon for A and C and 
Band D, we get the surfaces into their proper relative positions. The 
trass rod NN’ is now lowered until its end and its reflection at the sur- 
fue of D seem to meet, and it is then made fast. Before proceeding — 
further, the insulation of the glass rods, the permanence of the zero 
of the electrometer, and the permanence of position of the needle 
when the quadrants are insulated, are ascertained. The strip HE which 
quite bright is now bent to dip into the liquid, and the cover M is 
lowered. Insulate by means of the key, and take the zero. Now, lift 


| the cover Af, lower the table and reverse ( and D; raise the table 


util the end of N and its reflection in the surface of the liquid nearly 
meet; lower the cover and take a reading. Now, short-circuit the 
(uadrants, insulate, and proceed to take a new reading. Alternate 
tadings are on opposite sides of the zero. | 

| We found that when slight changes occur in the dryness of the air 
luside the electrometer, there are changes in the zero which are probably 
‘te to slight traces of moisture remaining on the suspension fibres of 
the needle. It is also to be remarked that when the quadrauts of the 
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electrometer are insulated from one another, any slight change in th 
charge of the instrument causes a motion of the needle. | 
The hand must be trained to insulate the plates from one ancthal | 
After three months’ practice our insulations are so perfect that there + 
seldom even a tremor on removing the plug, whereas in the 
of our experiments we often had in succession ten bad attempts 
insulation. A good insulation depends on the plug leaving both sidg 
of its seat simultaneously. This key gave better results than any¢| 
the other arrangements at our disposal. 
We at first thought, from considering the change of capacity in the! 
quadrants (as the needle moved), that our measurements would k 
more accurate when very small. This is not the case, but it led ut 
try a method of observation which may suggest itself. We brongit| 
the spot of light to zero in every experiment by acting inductively 
the insulated plates A and B by means of small plates placed ov 
them charged to a measurable difference of potential. We my’ 
employ this method modified at some future time. | 
The suspension fibres of the needle were tolerably near one another, | 
and the trap-door gauge was adjusted for as great a charge as it wm 
convenient to give to the jar, and as it was nearly unstable it indicalal 
extremely small changes of charge. The relative positions of th 
mirror G, the lamp, lens, and scale* are shown in the lower right-hanl | 
part of the Plate. The lens forms a virtual image of the wire of th 
lamp-slit at 60 centims. from the mirror G’, and the scale I*, whichis: 
two metres from the electrometer, receives the image formed by tit 
mirror. We had supposed that no better definition of the slit couli | 
be obtained by the use of a lens, but in reality great benefit was derive 
from its use, our readings being much more accurate than they woul 
have been had the lamp-slit, without the lens, been put at 60 centims 
from the mirror. We consider that our readings (as far as the eledit 


meter itself is concerned) are fairly accurate to the one two-thousantlt | 
part of a volt. | 


ITT. 


To find the relative values of deflections of the electrometer neel 
two brass plates were placed under A and B at the distance of 64m. 
We were able to give to the plates a difference of potentials equal 
the electromotive force of a Daniell, or to any fraction of this. 


is made by means of a key without any actual changes in the posititi 
of the plates. 


* Not represented in the Plate. 
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Taste I.—9th March, 1876. Plates 6-4 mm. apart. 


A | One Cell. 
Zero. Reading. Deflection. 

1058 1127 69 °3 
56 °9 990 °0 66 °9 
09 1129 ‘8 69 
64: 997 67 ‘0 
65°0 1134 69 °0 
67 ‘1 1000 67 
68 °0. 1136 ‘6 68 °6 | 
68 °4 1000 °0 68 °4 
68 °6 1137 ‘0 68 °4 
69 1001 °5 67 °7 

0 °9 of a Cell. 

1074 ‘0 1138 ‘0 64:°0 
73 ‘0 1016 
72 °0 1135 ‘0 63 
71°0 1011 ‘1 99 
68 1129 °8 - 60 °9 
67 ‘1 1004 °9 62 °2 
64 1125 ‘0 61 
62 °8 1001 61°8 
61 °2 1122 °5 61 °3 
60 998 °5 
59 1120 60 °4 
60 ‘0 1000 60 
60 1121 ‘0 61 ‘0 

0°8 of a Cell. 

1063 °5 1007 °5 56 °0 
64 °1 1119 °1 55 °0 
65 °2 1010 ‘0 57 ‘2 
65 °8 1121 55 °2 
67 ‘0 1012 ‘2 54 
67 °5 1123 ‘2 55 °7 
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Mean 


1066 
66 


66 “1 


66 


66 °9 


67 °0 


66 °3 
68 


1022 
1119 ‘0 
1024 °0 
1121 °5 


0°5 of a Cell. 


1039 
1107 ‘2 


O *4 of a Cell. 


1096 
37 


94. ‘1. 


38 
94 °0 
38 
92 °5 


0 °3 of a Cell. 
1086 °4. 


45 °0 
86 
45 
87 ‘0 
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0°7 of a Cell. 


Reading. Deflection. 


48 
48 


471 


49 °5 
48 


48 °5 


48 °8 


20 °3 
21 ‘1 
19 ‘9 
21 °1 


21 °5 


197 


22 ‘1 


| 
| Zero. 
70 °1 | 
72 
73 °0 1025 ‘0 | 
73 1121 °5 
73 °8 1025 
73° 1122 -0 
73 34 °2 
73 1038 34 °9 
| 72°8 1107 °5 34. °7 
| 72 1038 34 °3 
| 
i} 68 °0 | 
67 
1 66 °8 
66 °3 
66 °0 
66 °0 37 ‘1 
65 °6 92 ‘0 | 
65 °8 37 
*5 
46°O 
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0:2 of a Cell. 
Zero. Reading. Deflection. 
1069 °0 1082 ‘2 13 
69 541 14 °9 
68 81 ‘0 13 ‘0 
67 °2 §2 14. °7 
66 °6 80 ‘0 13 
66 ‘8 52-0 14.°8 
0-1 of a Cell. | 
1063 1056 7°0 
64-0 70 °6 6 °5 
65 °0 57 °8 
65 71°6 6°1 
64.°8 56°5 8 °3 
63 °4 69 ‘1 5 °7 
6 ‘8 


Taking fractions 0-1, 0°2, &c., of 68°2, which is the mean deflection 
representing the electromotive force of a whole cell, we get the num- 
_ bers A of Table II. The numbers B are the means of Table I. 


II. 
B.68 143 20:7 279 344 484 55°3 61:1 68° 
Thus the deflections are proportional to the differences of potential 
between the lower plates, a result which could not have been anti- 
cipated. At the distance of 16 mm., the results given in Table III 


were obtained, and here again we find that the deflections are propor- 
tional to the difference of potential between the lower plates. 


Tape ITI.—9th March, 1876. Plates 16 mm. apart. 


One Cell. 
Zero. ‘Reading. Deflection. 
1065 ‘1 1093 °0 
61°8 23 °5 38 ‘3 
59 32 °0 
60 “6 26° 
61 °3 96 34 °7 


p 2 
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Reading. 
1027 ‘8 


35 ‘0 
31 


33 


(Mar. 


Deflection. 


37 °6 


1064 ‘0 
64: °6 45 °8 
57 ‘1 70 °8 


It was not necessary to prove the law of proportionality for othe 
distances than 6°4 and 16 mm. 


TasLE IV.—9th March, 1876. Plates 10 ‘9 mm. apart. 


One Cell. 


Zero. Reading. Deflection. 
1055 °5 1101 °5 46°O . 
57 ‘0 1006 °6 50 
55 °8 1100 °6 44. 
56 °2 1005 °5 
56 ‘1 1100 ‘0 4 
55 ‘0 1002 
53-4 1098-5 4 


The Daniell was occasionally connected with the electromelé 
directly. It constantly gave the deflection 230°4. It was not ne 
Daniell. Thus the ratio between the deflections obtained by ie 
methods of measuring a difference of potential, one by direct connexi 
with electrometer, and the other by reversing the induction plate 
is 3°4, when the distance between the plates is 64 mm., 4°8 for 10? 
mm., and 6°8 for 16°0 mm. Plotting three points on squared pape 
with these numbers as co-ordinates, and drawing the arc of @ cirtle 
through them, we found the approximate values of the ratios 
responding.with different distances given in Table V. This table ¥8 | 


Zero. 
1062 
62 -2 
64.°7 98 -0 
62 +1 24-5 
: 0°5 of a Cell. | 
18 ‘8 
13°7 
i 195 
| 
| 
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nseful in showing how any error in adjusting the plates affected the 
deflection. 


| TABLE V. 
millimetres 

330 3°55 3-84 413 4-48 4°83 5-21 562 6-05 


In ssbinquent experiments we used the distances 10- 9 and 10: 0 mm. 
As the electrometer was twice taken to pieces, its quadrants being 
altered in position, we took great care in the later —e to 
determine the value of our deflections in each case. 


Taste VI.—12th March, 1876. Plates 10-9 mm. apart. 
Zinc and copper metallically connected. Zinc positive to copper. 


Zero. Reading. Deflection. 
1097 1133 ‘1 36 ‘0 
85 °5 1048 37 °5 
1112 °0 34 °9 
80 1040 °6 39 
82-1 1119-1 37 °0 
86°8 1047 39 ‘8 
83 1114 °4 ol 
86 °3 1046 40 °3 
91 1123-0 31 
90 1047 ‘1 42 °9 


Zinc and copper connected by an acid solution of zinc sulphate at 


10°C. Zine negative to the copper. 


Reading. 


1026 
41 °8 
30 
49 
dl ‘1 
61 °5 
35 ‘1 


Deflection. 


CO © OND Dd 
OCA 


Zero. 

1034 °8 

36 °9 

37-1 

39 °7 

40-0 

| 45 

43 ‘0 551 

J 43-0 35-0 

42 52-1 
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i Zinc and copper connected by distilled waterat 10°C. Zine 
to copper. 
| Zero. Reading. Deflection. 
49-0 
39 -9 $2 “1 7 °8 
39 47-2 7 
39 32 ‘1 
39 -2 50 0 10°8 
°8 32-9 7:9 
40 -2 9-9 
40 31-2 8-8 
39 °8 51-0 11-2 
| 42-1 32 °3 10 
42 -0 52 10 ‘1 
Mean of first eight obs. ........8°4 
Mean of last eight obs.......... -9°d 


Zero. 


1037 ‘0 
37-0 
37-0 
36-9 
35°8 
35 


Zero. 


1037 ‘2 
37 ‘1 
37 ‘1 
37 


48 
25 °2 


21°5 
ol 
22 
49 


Deflection: 


11°8 
10 °7 
10°8 
11 


Deflection. 


16°8 
15 °6 
14°3 
12 °0 


In the experiments of Table VI the liquids were contained in small 
flat vessels which were placed below the metal plates near the middle | 


| 


The same after two hours without zinc being cleaned. 
| Reading. 
1027 


Zine and copper connected by distilled water at 45°C. cooling during 
experiment to 20°C. Zinc negative to copper. 

| Reading. | 

1054 


i 
= 
47 
| 4.6 
3/ 54 °O 17 °0 
36 °S 20 16 °6 
| 51 °0 19 °8 
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of the table, strips of copper and zinc dipping into the vessel from the 
binding screws ;. these strips may have been of slightly different mate- 
rial from the plates, that is, we are not quite certain that they were 
| entfrom the same sheets. In all subsequent experiments, the strips of 
metal in contact with the liquids were cut from the plates themselves. 


Taste VII.—13th March, 1876. Plates 10 mm. apart. 


Zinc and copper plates connected by the acid solution of zinc sulphate 
: of Table VI at 17° C. Zinc negative to copper. 


Zero. | Reading. Deflection 
1068 °0 1085 °9 17 °9 
68 °4 5 °6 
65 °8 74°8 9°0 
66 ‘1 58 7°6 
67 | 55 °2 11°9 
67 ‘1 720 4°9 

Cleaned the zinc strip. 
63 50-0 13 ‘0 
61°53 70 °0 8°5 
61 ‘1 48 12 °6 
62 71 °0 
63 °3 53 10 °3 
64°8 7°8 
9°8 


Zinc and copper plates connected by dilute sulphuric acid. Zine 
negative to copper. ) 


Zero. Reading. Deflection. 
1069 °5 1057 ‘1 12 °4 
68 °8 76 *4 7°6 
68 °2 62 6 °2 
68 73°°9 5 °9 
68 °2 6 °U 
68 73 °2 °2 
67 ‘0 61°9 
66 °2 68 2° 
Cleaned the zinc strip. 
61°3 51 °0 10 °3 
62 70 8 
63 5d 8 
63 68 4 °6 
63 96 7 °0 
62 2 67 


The mean deflection for zinc and copper contact at 10° C. being 37:1. 
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‘azine sulphate, 11°75, 8°3, 84, and again, after the zinc is cleaned 


It is to be observed that although there was a motion of the dy 
trometer needle when the quadrants were insulated (shown by th 
great difference between every two successive readings), still th! 
observations are sufficiently consistent, and when taken two by bm } 
they show that polarization has the effect of decreasing the : 
Taking the means of every two successive readings we have in th 


10°75, 10°8, 9°0. In the acid this effect is even more marked, ty 
deflections diminishing rapidly from 10:0 to 3°9, and again from 9} 
to 6°0. Thus we see that polarization in the ordinary sense, g0 fy 
from producing a difference of potentials between zinc and cope 
joined by a liquid, in reality tends to reduce the difference of — 
that already existed between them. | ; 

The electrometer now began to show the existence of two fanly, 


imperfect contact between the electrodes and the quadrants, ands 


slight discharge from the needle to the quadrants. © The instromer 
was, therefore, taken to pieces, and the first fault. rectified by th 
addition of contact springs (in addition to the little weights previous | 
employed) between the electrodes and quadrants, and the second by 
the needle and quadrants being cleaned. . 

In observations made during the last four os ile on the constancy 
of electromotive force of ie, we found that Latimer Clark’s el | 
when tested by an electrometer (kept in a perfectly constant sta) 
altered very little when its poles were kept insulated. ‘The elect | 
motive force of this cell is known to be 1°457 volts, and we have uw 
it as a standard to determine the changes produced in. readings by | 
changes in the positions of the quadrants. : 

When we compared the electromotive force of contact of zine. aad | 
copper with the constant cell, it was found in every case to be 0" | 
volt at the temperature of 17° C. The deflections in the last tw 
tables might be reduced to volts if we knew the contact electromotit | 
force of zinc and copper at 10° C. : 


Taste VIII.—13th April, 1876. Plates 10 mm. apart. 
Latimer Clark’s Cell. 


Zero. Reading. Deflection. 
955 892 63 
954 1018 °5 64 °O 
954 °5 891 °8 62 °7 
953 1017-1 64 
Assumed to be 1 °457 volts. 
Direct reading is 355 : 


Therefore ratio is 350 or 5 ‘6. 
63 °4 


| 
; 
4 
\ 
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211 
: | Zinc and copper connected by distilled water at 17°C. Zinc is 
| negative to copper. 
Zero. Reading. Deflection. 
953 960 7-2 
i 952 947 5°0 
952 960 ‘0 8-0 
952 946 5 
951 °9 961 9°] 
952 945 °O 
952 961 °0 9:0. 
| 952 °9 94.6 °2 6°7 

8 An interval of 15 minutes. 
953 961 8-0 
952 °8 945 ‘1 7:7 
; Zinc and copper metallically connected. Zinc positive to copper. 
| Zero. Reading. Deflection. 
; 953 -0 926 ‘0. 27 

952°7 990 37:3 
951 -0 920 30°7 
950 ‘1 985 35 °0 
950 -0 919 30 °5 
950 984 °6 34 
951-0 918 -0 33 -0 

951°1 985 °2 34 ‘1 

32 °7 or 0°751 volt. 


Zinc and copper connected by saturated pure zinc sulphate at 17° C. 
Zinc negative to copper. 


Zero. — Reading. Deflection. 
952 961 °5 9°5 
951 °9 944 *2 
951 960 8 
951 943 8°8 
952 960 8 °0 
952 ‘1 944: 


4 
bc 
pre 
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Interval of 10 minutes. 


Zero. Reading. Deflection. 
953 960 6 °9 
953 °3 945 °2 | 
(953 961 (‘3 
953 945 °2 
Mean of first six... 8°3 or 0'°191 volt. 


Mean of last six..........7°9 or 0 *182 volt. 


Taste [X.—14th April, 1876. Plates 10 mm. apart. 


Zinc and very dilute zinc sulphate (17° C.) in contact. Zinc negative 
to liquid. | 


Zero. Reading. Deflection. 
1066 ‘0 1073 
1065 ‘3 1057 °3 8°3 
1065 ‘1 1072 °3 72 
1065 ‘1 1057 ‘0 8 ‘1 


Copper and very dilute zinc sulphate (17° C.) in contact. Copperis _ 
positive to liquid. 


Zero. Reading. Deflection. 

10600 1060 ‘9 0 °9 

1060°0 1058 °8 1 
1°35 or 0 °024 volt. | 

Slightly impure copper sulphate (at 22°°3 C.) and very dilute zine 
sulphate (17° C.) in contact. Copper sulphate is positive. 
Zero. Reading. | Deflection. 

1058 ‘0 1055 °8 2 °2 

1058 1061 °7 

2°75 or 0 066 volt. 

Copper and slightly impure copper sulphate (27°. 3C.) im contad 
No perceptible deflection. 


Dipped copper in the above copper sulphate and zine in the zine 
sulphate and connected directly with electrometer. 


Deflection 246 or 1 ‘010 volts. 


We were subsequently rather sorry that so few observations We | 
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made for each contact on the 14th of April; as the solutions were 
impure it did not at the time seem to be specially important to make 


the experiments with greater accuracy. 


The insulated plates A and B were now cut, as they had hitherto 
heen rather near the sides of the porcelain vessels. It was not until 
the 21st April that we could get a sufficiently large supply of pure 
saturated solutions of zinc and copper sulphates. On Friday evening, 
91st April, we made our largest and most consistent series of observa- 
tions, At no time since it arrived in Japan had the electrometer been 
insuch good working order, and, therefore, we shall take the results 
of this evening, when possible, in preference to any others. 


Taste X.—21st April, 1876. Plates 10 mm. apart. 


Latimer Clark’s Cell. 


Zero. Reading. Deflection. 
1079 ‘0 1019 °5 99 
1131 °5 09 
74°77 1135 60 
1020 °6 58°5 . 
83 °5 1143 °7 60 
85 °8 1026 °5 59 
86 1145 °5 59 °5 
87 1028 59 °3 
86 °7 1145 °5 58 
Assumed to be 1 ‘457 volts. 
Direct reading 313 
Therefore ratio is 313 or 9 ‘27. 


59 


Zine and copper metallically connected. Zinc positive to copper. 


Zero. Reading. Deflection. 
1085 ‘8 1054 31 °8 
86 1116 30 
86 1054 °6 
85 °8 1115 29 
86 1053 ‘9 32 ‘1 
85 -6 1115 °5 
86 °5 1056 °5 30 °0 
87 1116 °6 29 °4 
30 ‘52 or 0 °749 volt. 
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Zinc and nearly pure saturated zinc sulphate (16° C.). Zine np 


to liquid. 

Zero. Reading. Deflection. 
1091 1104°7 13 °7 

88 1075 °0 13 °6 

87°5 1100 ‘2 12 °7 

86 °7 1073 °5 13 °2 

91 1106 °2 15 ‘0 

Cleaned zinc strip. 

91°8 1075°1 16°7 

91 1105-0 14 

90 “1 1072 °1 18 ‘0 

90 °3 1104 

14°61 or 0°358 volt. 


In the first four reversals the distance was a little too great. 


Copper and nearly pure saturated zinc sulphate (16° C.). Copper 
negative to liquid. 


i< 

i 
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Zero. . Reading. Deflection. 
1079 ‘2 1075 ‘2 40 
78 80 2-0 
74.°5 4:2 
79 83 -2 49 
80 74.°8 5-7 | 
tt 80-0 84. °5 45 
80 -0 741 5-9 
82 -0 86 
81 -2 85 ‘8 46 


4°61 or 0°113 volt. 


Copper and distilled water (16°C.). Copper is positive to liquid 


Zero. Reading. ‘Deflection. 
1083 ‘1 1081 


82 - 3°3 


> 
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Deflection. 


| | Zero. Reading. 
1082 °5 1084 °2 
82 85 °7 8°5 
82°5 . 78 °9 3 °6 
83 86 °0 2°8 
83 *4 3 °6 
83 °9 86 °7 2°8 
3 ‘0 or 0 ‘074 volt. 


Zinc and distilled water (16° C.). Zinc negative to water. 


Zero. Reading. Deflection. 
1083 1086 °7 3° 

82 75 6°38 
82 °8 86°0.. 3 

77.9 4°9 
82 °6 86 °6 
82-3 75-1 72 
81 85 4, °2 
82 -0 75 6°5 

82-0 86-9 4:9 
82 ‘3 76 °2 6°1 

5°15 or 0 volt. 


Copper and pure saturated copper sulphate (16° C.). Copper positive 


to liquid. 
Zero. Reading. Deflection. 
1085 -0 1085 ‘1 0-1 
85 “1 83 ‘1 2°0 
85 85 °7 0°7 
84 °8 83 °0 1°8 
85 °0 85 
85 ‘0 82 °5 2°5 
84 °9 85 
| 82 2 °2 
83 °7 84 °1 *4 
83 +1 16 


1°15 or 0 ‘028 volt. 


{ 
. 
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Nearly pure saturated zinc sulphate and pure saturated copper 
‘sulphate. Zinc sulphate is positive. : 


Zero. Reading. Deflection. 
1083 1080 2°9 
$1 °9 82 0°3 
80 21 
81°7 82-9 12 
82 °7 80 °7 2 “0 
82 °8 83 ‘1 0°3 
82 °5 80 1°6 
83 83 ‘1 
82 °6 80 
82 °7 83 °5 0°8 


1 °3 or 0 °033 volt. 


Distilled water and pure saturated copper sulphate (16° C.). Come 
3 sulphate is positive. 


Deflection. 


Zero. Reading. 

1081 °6 1077 
82 ‘1 84. °7 2 °6 
82 84 2°7 
83 80 3 °0, 
83 °5 86 ‘0 2 °5 
84 80 °8 3 °2 
83 85 21 
82 79 °8 2°7 
82 84. °8 2°55 

2°9 or 0 ‘071 volt. 


The sulphates and metals of Table X as a Daniell, conned] 


directly to electrometer 1:068 to 1:081 volts, increasing very slowly. 


Simple cell with above zinc sulphate, 1,000 volts. An instaslh 


neous and constant deflection. 


Simple cell with distilled water. A rapid increase in electromotit 


force from the instant of contact of the metals with the liquid. Oa 
first reading was 0°832 volt, but there was a rapid increase when it 
reading was being taken. 0°942 was our last reading, but there™ 
still a slow increase. 


The above copper sulphate and distilled water and the metals as 


Daniell. 1-060 to 1°010 volts, decreasing slowly. The same cell 
again, the metals being clean, gave 0°960 to 0°951 volt. 
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TasLE XI.—Some Collected Results. 
| | 
os (Soi ~ > 
BR be | | 
Copper O75 | |—0°028/0'113 —0'024 | —0°074 
Saturated pure cop- 
per sulphate ....| .. 0028; .. |0°033|:.. |—0°071 
Saturated nearly | 
pure zinc sul- , 
phate —0°358 | —0°113 | —0°033 
Slightly impure cop- 3 | 
per sulphate .... 0 |—0°063 
Very dilute zinc : | 
sulphate........|—O177| .. .. |0°063 
Distilled water ....|—0°126| 0°074! 0°071 
Ordinary water....|—0°118 


A number of results have been collected in Table XI. The num- 
bers in a vertical column below the name of a substance are the differ- 
ences of potential in volts between that substance and the substance 
in the same horizontal row as the number, the two substances being in 
contact. Thus zinc is negative to saturated pure zinc sulphate, the 
electromotive force of contact being 0°358 volt. Di 


IV. 


From Tables VI, VII, and VIII, we see that when zinc and copper 
are connected by an electrolyte the zinc becomes negative to the 
copper, the difference of potential seeming to be somewhat less than 
02 volt for water, zinc sulphate, and dilute sulphuric acid. This dif- 
ference of potential added to the electromotive force of contact of zinc 
copper ought to be equal to the electromotive force of a simple 
cell, 


From =— Observed EMF of 
Table Vir. | 2°: Sum. cell. 
Pure saturated | 0°191 to 0°182 | 0°75 | 0°941 to 0932 | 0°907, increasing to 
zinc sulphate. 0-926, and still in- 
7 creasing slowly. 
Pure water .... 0°168 0°75 0°918 0 °832, increasing to 
0 °942, and still in- 
creasing slowly. 
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The chesiges which occur in the electromotive force of 


difficult to explain. They may be due to impurities in the meta” 


air condensed at metallic surfaces, to air and other gases dissolysl iy! 


the liquid, &c. They seem to be quite arbitrary, and they are ofq! 


very considerable. The authors have begun an investigation reget, 
ing the causes of these peculiar effects. 


The discrepancies observable in the following comparisons may aly ) 
be due to the smallness of the electromotive forces of contact Whig! 


were measured separately, but they are in some part due to the um, 
plained changes which occur in the electromotive force of a cell, Ig 


C, Z, and L represent the copper, zinc, and liquid respectively of] 
simple cell; let L, and L, be the liquid in contact with the cope, 


and the liquid in contact with the zinc. of a Daniell’s cell; let Chiy! 
the electromotive force of contact of C and L, and let CL be idential 


with —LC. Taking the five cells of Table XI, and assuming that ty 
electromotive force of a contact of two substances as it exists inagl’ 


is equal to its electromotive force when measured in our apparatu,m 
get the following results :— 


T. Daniell with pure saturated copper sulphate and Observed mt 


nearly pure saturated zinc sulphate. of Cel. 
.=0 028—0 0 358+0 °750=1 103 1 to 1 
increasing” 
slowly. 
II. Daniell with distilled water and pure saturated Be, 
copper sulphate. 
ZC 
=0 -028+0 ‘071+0 126+0 °750=0 ‘975 0 995 mea 
| from Tables 
III. Daniell with very dilute zinc sulphate and 
slightly impure saturated copper sulphate. 
+ LL, + ZC 
=0+0 063+0 177+0 '750=0 ‘990 1 -010 Tablell 
IV. Simple cell, nearly pure saturated zinc sulphate. | 
CL+LZ+ZC 
=—0 118+0 °358+0 °750=0 ‘995 1000 
V. Simple cell, distilled water. 
CL+LZ+ZC 
=0 074+0 126+ 0 -750=0 0-932 to 0% 


increasing 
In every case the sum of the separate contact electromotive fon) 


is so nearly equal to the observed maximum electromotive fore? of 
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ell, that we have good reason for believing that the electromotive 
force of contact of any two substances is constant whatever other sub- 
stances may be in the circuit. At the same time it becomes evident 
that there cannot be a very great: difference of potential between a 

metallic or liquid surface and the air in contact with it. 

That the electromotive forces of a zinc sulphate cell and of a water 
cell are so nearly equal seems to be rather accidental. Zinc sulphate 
is positive to zinc and is less pusitive to copper, its contact electro- 
motive forces having to be subtracted from one another; whereas 
water is not so positive to zinc but is negative to copper, the contact 
electromotive forces being therefore added together. : 

In any complete conducting circuit (receiving no energy from with- 
out) composed of the substances A, B,....N, the total electromotive 
force is equal to AB+BC+....-++NA. Now when no changes are 
occurring in the circuit such as will produce a supply of energy, we 
know from the law of conservation of energy that this total electro- 
motive force is nothing. In a compound metallic circuit, which is 
everywhere of the same temperature, this condition is satisfied. But 
it is not satisfied if the temperature varies in the circuit, and we find 


then that the total electromotive force AB+BC+....NA is no longer 
nothing, its amount depending on the nature of the metals and on the 
distribution of temperature. Again, we find that even when all parts 
of the circuit are at the same temperature, and one or more of the 
| substances are liquid or solid electrolytic conductors, the sum of the 
| electromotive force of contact is not nothing, its amount depending 
altogether on the nature of the supply of energy which exists in the 
circuit, and therefore on the chemical natures of the electrolytes and 
of the metals in contact with the electrolytes. In fact, the electro- 
motive force of a voltaic arrangement depends on the chemical natures 
of the metals and of the electrolytes. 


led. 


Part II. 
“On a Metallic Voltaic Cell, and on Electrolytes of Great Re- 


sistance.” 


When any two pure insulated substances A and B are placed in 


Contact with one another, the electromotive force of contact AB charges 
them to a certain difference of potentials which is numerically equal 
fo AB, and these charges of electricity represent a certain amount of 
energy of which the equivalent is a definite amount of chemical action. 

the substances are pure there is no other electromotive force that 
jxme “2 distorb this establishment of charge. It is probable that the 


of B chemical action which might occur at the surface of contact is very 
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little diminished by this charging, and we have no right. to Bay thy 
the total amount of possible chemical action at the contact of ty, 
metallic surfaces is simply equivalent to the energy of the charge, 
When A and B are solid their rigidity limits the possible amount ¢] 
chemical action; but even when they are both metals if one isa Liquid | 
the total amount may be very considerable. With metals ther is! 
limit produced by the want of mobility of the alloy, and when thy’ 
liquid is not metallic there is a limit produced by the compound bey 
insoluble, and so preventing free contact. After the charges m 
established the electromotive force of contact is exactly balanced, m4 ' 
there is no further action of any kind. If, however, A or B bean, | 


conductor, this establishment of charge may take a considerable tine 
In any case there can only be an exceedingly small amount of chemial 


action between any two pure substances, as for example, pure zine mi | 


pure sulphuric acid. 


If A, B, and C be any three substances insulated from other bodia, | 


A and C being each in contact with B, but not in contact with ed 
other, the electromotive forces of contact AB and BC charge the thre 


bodies in such a way that the difference of potentials between A ani} | 


is equal and opposite to AB, and the difference of potentials betwen 


B and C is equal and opposite to BC. The energy required to produ | 
this charging of the bodies is due to chemical action at the placa d| 


contact. After the three bodies are so charged there cannot beay 
further chemical action, and the total amount of possible chemi 


action at these places of contact is very little diminished by ti} 


charging. 


Primé facie we cannot compare the present difference of potenti | 
between A and C with the electromotive force of contact that woill 


exist between A and C were they brought together. 


The establishment of the above differences of potential takes a short } 


or longer time, as the bodies are more or less conducting. 


If now we imagine A and C to be brought into contact, as we 
not know the value of AC, we cannot predict the amount of distal | 
bance produced in the charges of A, B, and C; but we may assillt| 
_ that some disturbance is produced, that is, a current of electricity fom 


in the circuit. Wecan also say that after the possible chemical ene] 
at the various junctions is exhausted, as well as the potential ena 
equivalent to bringing A and C in contact, then, if the temperature d 
the circuit is everywhere the same, there can be no farther 
since there is no further supply of energy. | 

It is known that in a compound solid metallic circuit, which #evef 


where at the same temperature, there is no continuous chemical scam 


at the junctions, and consequently by the law of coriservation 


energy there cannot be a continuouscurrent. Hence it has been ms i 
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tp assume that if A, B, C of our second example are metals, solid or 


Fas & 


liguid, the difference of potentials between A and C just before being 
brought into contact is equal to CA. Now in the case of one of the 
metals, B, being a liquid, we have by the experiment described further | 
on shown this assumption to be untrue; and we believe that even when 


- ‘the three metals are all solid, if one or more of them were rather non- 


conducting, and if the surfaces of contact were large, there would be 
obtained a result similar to that which we have obtained with solid 


| electrolytes of high resistance. In the case of three ordinary solid 


metals of high conductivity, the experiment would be very difficult, if 


| not impossible, to perform owing to the previous exhaustion of the 


possible chemical action through want of perfect insulation of A and 
( from all substances other than B before being themselves put in 
contact. The experiments now about to be described, as well as those 
given in our last paper, lead us to the conclusion that in all cases when 
Aand C are brought into contact there will be a disturbance, in some 
cases, no doubt, only momentary, in the previous charges of A, B, 
and C, 


A Metallic Voltaic Cell. 


It may be known that when rods of zinc and copper are placed in 
mercury and connected with an electrometer no charge is observed. 
If known, this may have been regarded as a crucial test of the truth 
of the common theory of compound metallic circuits. Whether the 
une and copper are in contact outside the mercury or not, the amalga- 
mation of the zinc appears to proceed at the same rate. Now, it 
seemed to us that in this case the impurities and great conductivity of 
the zinc with the great liquidity of the amalgam, and the close 
Proximity of foreign particles to pure metal, caused the amalgamation 
to be produced by local action alone, so that the supply of availab] 
chemical energy for the production of a current from the zinc to 
copper was exceedingly small ; and we have no doubt that at low enough 
temperatures, when the amalgam loses its liquidity, such an arrange- 
ment becomes a simple voltaic cell. It was necessary for us to use 
instead of zinc a metal of which the amalgam is nearly solid at 
ordinary temperatures. On enquiry we found that magnesium was 


such a metal, and on the first trial we obtained a result corroborative 


of the above theory. 

Sirips of platinum and magnesium, metallically attached to the 
electrodes of the electrometer, were dipped into mercury which was, 
perhaps, slightly impure from the presence of other metals, but which 
had previously been washed with distilled water, and then well dried. 
There was a sudden large deflection, the amount of which fluctuated 
very much afterwards, but which was always considerable and on the 


Mme side of the zero. On successive reversals of the electrometer 
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key the deflections to right and left of zero were found to be nen 
equal to one another. In a short.time there seemed to be an ingrid | 
steadiness in the amount of deflection. When the platinum and my | 
nesium were short-circuited for some minutes, the deflection by | 
decidedly increased in amount on renewed insulation, and this | 
curred after every short-circuiting. To determine the electromotip 
force of the arrangement, strips of platinum and magnesium, serpy 
very clean, were dipped into pure mercury which had previously hea | 
washed with distilled water, and well dried. The maximum elem, | 
motive force obtained was 1°56 volts, that is about one and 9 hil 


times the electromotive force of a Daniell’s cell, the platinum com 
ponding with the copper plate in the Daniell’s cell. It may be possi | 
by mechanical or other means, or by using another metal than my. | 


nesium, to give constancy to this arrangement; and as its inteml 


resistance is extremely small the cell may be of great practical use fir 
the production of powerful currents. It may be remarked that am 
amalgam may be easily separated into its components by distillatio 


such a cell by suitable arrangements can be kept in action for w 
indefinite time. 


We have examined a circuit composed of the metals platinum, ti, 


and lead, and the coil of agalvanometer. On raising the temperatared 


the tin gradually we found that there was a current, and that it gradual} | 


increased. Rapid changes in the current were observable at the met 


ing point of the tin, and there seemed to be a small electromotive {or | 


independent of thermo-electric effects. When the platinum and lal 
strips were connected with the electrometer, the deflections were fom 


to be too small for decided conclusions to bedrawn. Weshall proceed, 
when time allows us, with the investigation of metallic voltaic cls | 


On Electrolytes of Great Resistance. 


To measure the electromotive force of the voltaic cell formed} 
plates of zinc and copper separated by paraffin wax and other elt | 
trolytes of great resistance, and to determine the change of condi} 
tivity of such electrolytes with temperature, we used the apparillt: 


shown in the figure. | 
J is an oil-bath which may be clamped firmly to an iron stad 


resting on the table of such a height that D is on a level with tt 
electrode of the electrometer. The bath was heated by means of pith! 
lamps. No artificial means of cooling the bath were employed. Ba 


a shallow dish of copper, quite plane on the bottom inner suriac®, 


containing the electrolyte. A is a circular plate of zinc, or of copy | 


12°8 centims. diameter, resting in the experiment in parafin ™ 


on three small pieces of glass, 0°191 centim. thick; the metal Wi | 


very clean, and was quite surrounded by paraffin wax poured in ms 


melted state. The strip C is in one piece with the plate A, bob | 
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being cut from the same piece of metal; C is bent upwards and passes 
through an orifice in the bath. The wire from J) to the insulated 
slectrode of the electrometer is protected by a wide tube of metal; 


Uy 


Vy 


this tube, the outside of the electrometer, and the uninsulated electrode 
beingconnected with B. A double door (not shown in the figure) gives 
access to the inside of the bath. HGH is a wooden support which may 
be withdrawn from the bath. EandF are thermometers of which the 
bulbs are near the surface of the paraffin. The difficulty of determin- 
ing exactly the temperature of the paraffin wax arose from its non- — 
conductivity ; and the use of a third thermometer, passing through a 
tubulure horizontally underneath B, was found to add nothing to the 
accuracy of the temperature readings. 
To obtain continuous time readings of the electrometer, we let the 
image of the cross fibres of our lamp slit formed by the mirror fall on 
a horizontal wooden roller covered with paper. This roller was 100 
centims. long, and ]3 centims. in diameter. A clock causes the roller 
make a revolution in two minutes. Weare able suddenly to change 
the rate of this roller to one revolution in 7°2 minutes, and we can 
also slightly vary the rate by altering the length of the pendulum. 
Image of the cross fibres is easily followed in its motion on the 
Paper by a pencil. When the paper is cut off at any place parallel to 
roller-axis it exhibits the time observations in a compact form well 
adapted for calculation. The clock being stopped and a scale attached 
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to the roller, readings may be made in the ordinary way. Such a tlle | 


and clock costs very little, and form a valuable addition to 
flecting galvanometer or electrometer. 


Paraffin Waz. 


The plate A being zinc and connected with the insulated elect, | 
meter-electrode, and the paraffin being solid between the two plate, 
we first short-circuited the arrangement to get zero, then ingulated gy) | 
allowed the electromotive force of the paraffin cell to charge plate 4 | 


and the electrometer quadrants in connexion with it. 


A detailed account of our experiments on conductivity ig giv | 


further on. It is sufficent here to state that at low temperatures th 
conductivity of paraffin wax is exceedingly small, the conductivity», 


creases to the melting point, the increase being extremely rapid dura | 
melting, and there seems to be a regular increase during the mela 
state. Hence in the experiments with the zinc plate at low tempen. | 


tures, the resistance is so great that although there is a slight charging 


of the quadrants due to electromotive force, this 1s somewhat disguise | 
by defects of the electrometer.. In fact, at low temperatures, it ism. | 


possible to measure the electromotive force of this simple cell, althongh 
the existence of an electromotive force is quite evident, but when th 


conductivity becomes sufficiently great, and this occurs long belon | 


there is any appearance of melting on the upper surface of the paral, 


the charge reaches a maximum with sufficient rapidity for its accurae | 


measurement. Ata few degrees above the melting point the man 
mum charge established itself at once, and however often the plate 


were short-circuited for the purpose of taking the zero, the maximum | 
charge was found to be approximately the same, and to correspon | 
with an electromotive force of 0°73 volt when least, and 0°75 wh] 
‘when greatest: it was also not much affected by change of tempt j 
ture. To make these measurements we used as a standard a Latwme 


Clark’s constant cell.* | | 
When the plates are charged to their maximum difference of 


tials there is electric equilibrium, and no further current tends to pi | 


through the arrangement, the electromotive force being balancel. I 


then E, represents this maximum charge, and if E, is the charges#* | 


time (¢,), and E, the charge at the time ¢,, then— 
1 K,—E, 


°8 E,—E. 


rnultiplied by a constant depending on the electric capacity oft 
arrangement represents the conductivity. As the measurement 


any particular temperature is rather coarse, we cannot readily comp | 


* In our last paper we gave 0°75 volt as the correct measurement of the elect 
motive force of contact of zinc and copper. 
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ais conductivity with the conductivity for that temperature which 
we have otherwise determined, but we infer from the curve that the 
shove formula gives a result twice or three times as great as the true 
onductivity: this, however, might have been expected from our 
knowledge of the phenomena of absorption in dielectrics. 

Sir W. Thomson, in the ‘‘ Proceedings of the Royal Society” for June 
10th, 1875, describes an experiment in which plates of zinc and copper, 
in contact with the two sides of a plate of glass, form a voltaic cell. 
When the glass’ was sufficiently heated to become conducting there 
was evident charging of the plates.* In the glass cell the maximum 

became less and less after every short-circuiting, whereas in the 

cell the maximum charge is constant. In the one case all the 
elements of the circuit were solid, the glass being very far indeed from 
its liquefying point, so that the amount of possible chemical action at 
the junctions was small, and after every successive short-circuiting, 
there was a less and less supply until the arrangement was approach- 
ing a state which had hitherto been supposed to be peculiar to a com- 
pound metallic circuit; whereas our paraffin possessed mobility, and 
the amount of possible chemical action at the surfaces of contact was 
practically infinite in comparison with the currents charging the 


dite. 


It is stated above that when any two pure substances otherwise 
insulated are brought into contact with one another, the amount of 
chemical action must be practically nif, but, as perfectly pure sub- 
stances do not exist, when two bodies are brought into contact small 
complete circuits are formed by three or more different substances, and 
currents are produced until the possible chemical actions at the surfaces 
of contact are exhausted. Now if one or more of these substances 
in such elementary circuits are non-conductors, this exhaustion can 
only proceed very slowly, and if the substances at the surfaces of 
contact have immobility, the total amount of possible chemical action 
will be necessarily small. Hence we see that the amount of chemical 
action between bodies depends upon their conductivity and mobility, 
as well as on the electromotive forces of contact, and as the chemical 
action equivalent to the energy of small charges of electricity is quite 
meapable of being detected by the ordinary methods of chemical ana- 
lysis, and as the charges are easily measurable with an electrometer, we 
have, if our theory be correct, in electrical measurement a method of 
chemical analysis which is infinitely more sensitive than any purely 
chemical method. Thus it is evident that in our paraffin cell there is 
chemical action, but our colleague, Dr. Divers, has found no traces of 
“nein English paraffin oil which came out to J apan in galvanized 


"on cases, nor in paraffin oil heated to a temperature of 60° C., ina 


: Our experiments of the increase of conductivity of glass with temperature are 
in the “ Proceedings of the Royal Society” for the same date. 
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zinc vessel for many hours. In fact in chemical analysis, 
which is equivalent to current is measured by a method very mugh Is | 
sensitive than if the measurement were made by the best galvanomee 
whereas a current which is not observable with the best galvanomep | 
may be measured accurately with the electrometer. io 
It is plain that if we assume an electromotive force of contact bp. | 
tween any two substances, there must be possible chemical actin | 
between these two substances, and this chemical action can of com | 
only exist at the places of contact. It may proceed .slowly throug | 
want of conductivity, and the amount possible in any given case my } 
‘be very small because of want of mobility of either of the substangg | 
in contact, or of want of mobility of the compound formed by th 
action. Thus it is well known that the electromotive force of conta | 
of glass and other substances is often very considerable, and that th | 
chemical action between glass and most other substances is very small 
This is due to want of conductivity of the glass, but when glu 
becomes heated, its conductivity much increases, and it then becoma | 
capable of acting chemically on many substances. When in th 
melted state it is acted on chemically by the majority of substances 
It is possible that this great increase of chemical activity accompany: | 
ing a rise of temperature is much more due to increased conduchiiy 
than to change of electromotive force of contact. Lead glass whiel | 
insulates so badly, is comparatively easily acted on by chemical 
Chemical action is always slow unless the substances are conductor, | 
and we find that nearly all the substances which chemists find it u ' 
necessary to dissolve before applying re-agents are conductors. lt} 
some cases previous solution may be also required for the mere pit | 
pose of producing mobility at the surfaces of contact. To expeill 
chemical action, solutions are stirred together ; this increases the aa } 
of contact and diminishes resistance as well as rapidly bringing mt j 
contact fresh portions previously unacted on. 
The alkaline earths in the solid state are very bad conductors, bit | 
when melted they are comparatively good conductors, and there is W } 
doubt that we have here an explanation of the fact that the bottom | 
come out of platinum crucibles containing melted alkaline eartit 
We might expect that in those cases in which melted metals haves | 
considerable electromotive force of contact, they would combine ™ 
form alloys with great rapidity, on account of their great conductinyy | 
and sufficient mobility to continue chemical combination. The gra | 
conductivity of mercury, and its mobility and the mobility of i | 
compounds which it forms with other metals, enables it to a am 
rapidly into combination with those metals with which it has 4 grea & 
electromotive force of contact. And it is probable that the elect | 
motive force of contact of mercury with iron or with steel is | 
ingly small, or that the amalgam is a solid except at very high @ | 
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Cold glass is acted on by hydrofluoric acid, and this is — 

‘ble on account of the great electromotive force and on account of 
the silicon tetrafluoride formed by the combination being volatile, 
and, therefore, possessing great mobility. Hitherto chemists have 
only employed the two ideas of chemical affinity and the amount of 
chemical action, but we have shown that these ideas are simplified 
when regarded as electromotive force of contact and currents of 
electricity. ‘To connect the two ideas we have a third, viz., resistance, 
and the electrical law of Ohm becomes the chemical law—the quantity 
of chemical action in unit time equals the sum of a great number of 
terms, each of which is an electromotive force divided by a resistance. 


Gutta-Percha. 


The metallic plates of the last experiment were carefully cleaned, 
and the paraffin wax replaced by a sheet of gutta-percha, previously 
scraped, washed with soap and water, ordinary water, alcohol, sodium 
carbonate, and hot distilled water, and thoroughly dried. The upper 
plate A was of clean zinc as before. Our experiments on the con- 
ductivity of gutta-percha, described further on, show that it increases 
with the temperature, not only at the low temperature at which it has 
hitherto been examined, but also after it has become plastic at higher — 
At the lowest temperature at which we examined the arrangement 


there was a decided charging of the plates, but it was so slow that we - 


must regard the measurement of the minimum electromotive force 
0:23 volt as being too small, for a careful examination of the defects 
of the electrometer showed that under these circumstances the 
measurement might be too small. At higher temperatures the maxi- 
mum charge was established with much greater rapidity. 

On each day, some time after the commencement of the experiment 
for that day, the electromotive force having remained constant for 
some time suddenly increased, and then remained nearly constant at 
its higher value. This seemed at first to be due to the plates having 
been short-circuited for intervals of four minutes or more, but we 
afterwards found that it occurred when the plates were only short- 


| Girenited for a few seconds to get to zero. Also, it did not seem to 
| occur at a particular temperature; on one occasion the sudden rise 


happened at about 35° C., and on another at about 72° C. On the 
irst of these days the mean low electromotive force was 0°584 volt, 


| and the mean high 0°763 volt, the very lowest and very highest being 


054 and 0:86 volt. On the second day the mean low was 0°534 
volt and the mean high 0°773 volt, the lowest and highest being 
0529 and 0-789 volt. We are sure, when these measurements were 
made, that the conductivity of the gutta-percha was sufficiently great 
to eliminate any effects due to the minute defects of the electrometer. 
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As in the case of paraffin, the conductivity calculated from ty | 


time readings, whilst the zinc and copper plates were establi 


their charge, is greater than the conductivity measured independ 
by two copper plates charged with a battery for about five mint | 
and then kept insulated. 


Ebonite. 
Between the zinc and copper plates was ial an ebonite sheet j 


having an average thickness of 0°35 millim. It was chemically cles, | 


and there was no surface conduction at even low temperatures, We | 
found, as in the previous cases, that there was evidence of an elect. 
motive force, but. the -charging proceeded very slowly until about 
36° C., when the conductivity had greatly increased. Douri a 
five minutes the temperature steadily increased to 74° C., and as ther | 
was no indication of a maximum charge, we let it increase without 

short-circuiting during this thirty-five minutes, at the end of whith 
time the deflection indicated an electromotive force of 3 volts. After 
short-circuiting the charge again established itself, but it did not | 
increase as rapidly as it had done at first at the lower temperatun, | 
although from our independent experiments we know that the om | 
ductivity is greater at higher temperatures. Precautions have beet | 
taken to avoid any sliding of the ebonite plates during the exper 
ments ; for certain preliminary observations showed that such sliding 
would produce charges of electricity which would mask mere voltait | 
results. From the mathematical expressions for conductivity al 
from our experimental determinations of the conductivity at any given | 
temperature, we endeavoured, by calculation, to discover whether the | 
first set of time readings indicated an approach to a maximum, butwe 

obtained inconsistent results; the maximum electromotive force thi | 
calculated varying from 3 to 12 volts. After the experiments tt | 
zinc plate was found to be only slightly dulled in its polish and 10} 
coloured, neither did the copper plate appear much changed 1 in appear 


- ance, but a lead weight which had been laid on the: zinc to keep itil 


close contact with the ebonite was found to be quite red. 

It is evident, therefore, that this arrangement had nothing 2 | 
common with an ordinary simple cell, the great charging of the - | 
being due to a decomposition of the ebonite by heat. ae 


India-Rubber. 


In November, 1875, we endeavoured to find the ne ford 
of a simple cell formed by placing a sheet of india-rubber containing 
sulphur between zinc and copper plates, and we then obtained resull 
analogous to those which have just been described for ebonite- Durig 
the present investigation, we expected to obtain the same results, sin 


we used the piece of india-rubber which had previously beat 
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em | Contrary to our expectations, however, there appeared to 
be no farther decomposition of the india-rubber by heat, and results 
snalogous to those previously obtained with the paraffin wax were met 
with. Probably, therefore, all the sulphur that could easily be 
therated had been expelled by the previous heating. At about 90° C., 
the conductivity was sufficient to enable us to measure, with some 
accuracy, the electromotive force, which we found to be 0°168 volt; 
but somewhat as in the case of the gutta-percha, between 90° and 
100° C., the electromotive force increased to 0°356 volt. This 
increase did not appear to be as sudden as in the case of gutta-percha, 
but, as before, the electromotive force was fairly constant on each side 


of this place of changing. ; 
Shell-Lac. 


An. extremely thin sheet of shell-lac was placed between plates of 
sine and copper, as in the preceding experiments. At low tempera- 
tures there was evidently an electromotive force, which, at 28° C., we 
were able to measure, as the conductivity was sufficiently great. 
From this temperature upwards there was practically no change. In 
fact, the electromotive force was constant and equal to 1°12 volts. At 
temperatures higher than 65° C., the arrangement established its 


| charge after short-circuiting with the rapidity of an ordinary liquid 


voltaic cell, 
Resistances of the above Electrolytes. 


It has been usual for telegraph engineers to measure the resistance 
of gutta-percha, india-rubber, &c., after a current has been passing 
through the material for one or for not more than three minutes. 
Now, although this may be a very valuable test of a telegraph cable, 
since the amount of apparent loss, through want of insulation during 
the first small period of charge, is one of the elements affecting the 
received current, still since this loss is due to two causes, soaking in 
and true conductivity, and since the former is at first so very great 
compared with the latter, the real resistance can only be ascertained 
alter the current has been on for a length of time. The practical 
time of charging necessary to enable the current to be a true measure 
of the conductivity seems to be less at higher temperatures, and in our 
“xperiments we have endeavoured to approximate to the elimination of 


soaking in. 


Paraffin-Wae. 


In November, 1875, we made a great number of time observations 
of the difference of potentials of two copper plates immersed in paraffin- 
vax, and kept asunder by threg small pieces of glass, 0°191 centim. 
thick, the upper plate having been originally charged to a certain 
potential, and the lower plate kept in connexion with the earth. We 
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found that the conductivity increased with temperature, de aa 
being very rapid near the melting point, at which place, ag we ‘Use | 
auxiliary condenser, the rate of loss of charge was very iam 
measure the conductivity of melted paraffin, we employed 
delicate reflecting astatic galvanometer of 20,000 ohms #auyEEEE 
one Daniell’s cell, through a resistance of 120 megohms, cave all 
tion of 131°3 divisions on an ordinary scale, at about a metragam ' ios 
The current from a battery having a measured electromoymmm 
47 times that of our standard Daniell passed through them 
and the galvanometer. . Full precautions were taken to avoiiia—— 
age except through the paraffin, the deflection of the galt at ‘ nete 
needle due to instrumental leakage alone being quite impenmmmm 


paraffin, being too high when the apparatus was heating, andl a To 
when it was cooling ; but as the cooling was very slow, thei eau 


when plotted, give the curve JK (fig. 1, p. 231), may beam 
as being fairly correct, for the observations seem to be all: very 
sistent with one another. a 
The area of the upper plate was 56°25 square centims., anf renee 

# is the specific resistance in megohms per cub. centim. OF gam 2 
and if D is the deflection on the galvanometer scale, i, : 
Log «=8 3374—log D. 


Temperature. D. in 
90° ‘6 C. 167 °9 1 :295x 108% 


96° “8 229 -9 0 x 


91° -0 191 ‘6 1 x 1083 
84° -0 151 °9 1 -432 x 10 
80° -0 132 °3 1 644 x 108 
76° 1-876 x 108 


70° ‘301 x 10" 


65° 78 ‘0 2 ‘788X104 
60° -0 64 | 3 ‘398 x1 
55° 55 ‘0 3 954100 
50° 43 5 058 x10 


In the above table we have given only every fifth ohservatidilal Lhe 
curve ML has for co-ordinates the temperature and galvalaumm 
deflection as the temperature increased. The points M, J, x j wa 
respond respectively with the temperatures 90° °6, 94°°7, 93° "ia 
In this and in the other curves we have employed such scales® a ; 
seemed to us most convenient. In every case we give the be pe ed 
ordinates of some points, and from these the scale may be easily am 
mined. Ordinates measured parallel to the line Ox 
perature, the temperature increasing towards O. 
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We were unable to obtain galvanometer and electrometer’ teeta a | 
_ the same temperature, since the galvanometer did not give defiégtio, | 
at low temperatures; and as we had not at this time designed the tiny | 


roller described above, and as no auxiliary condenser was used wif 


the electrometer, the loss of charge was too rapid at high —— | 


to make accurate time observations. 

The oil-bath used in November, being small and otherwise i incon. 
venient, we proceeded in May of this year with the investigation, 
using the apparatus described above. At low temperatures time dh 
servations of loss of charge were taken on a fixed scale. Near ily 


melting point time observations were taken on the roller in motign | 


and at higher temperatures, one terminal of an auxiliary condenser of 


one-third microfarad capacity and excellent insulation was attache | 
to the plate A, the other terminal of the condenser being connedal | 


with B. Four Daniell’s cells were used to charge A. 


At 20°°9 C., the temperature of the room, A experienced no loss d 


charge in ten minutes whether or not the condenser was attached, 


A number of preliminary experiments showed as before that then 


was @ great increase of conductivity at melting. For instance, m 
May 15th, when the temperature was rising, the paraffin appeared to 
be solid at 46° C., and it appeared to be liquid at 52° C., and betwen 
these two temperatures we obtained the following results, being 


- measured in minutes always. 


| 
46° C. 0 00114 34190 x10 
48° 0 00168 26480 
50° 00225 17820 | 
50° 000607 6421 x10. 
50° 0 01600 24386 xl 
51° 15 0 03970 
51° °2 0:07000 556°8 
51° 0 30000 129°9 
51° -35 1 -26000 3093x1080 
Afterwards when cooling. ee 
48°-4 0 0689 
48° 0 0308 1266 


These results cannot be compared directly with those previ ns 


obtained with the galvanometer, because in the former case the parafis 


was cooling from a high temperature, 90° C., whereas in this @ 


the temperature was only raised to 51°, and it is well knows 
when paraffin is cooled from a high temperature, it will remain ligui 
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heated from a low temperature. 


Curve AB, May 16th, gives the relative conductivities when the 
was rising from 54° C. to 56° C. At 54° the paraffin seemed to 

he solid, and it did not appear to be melted at its upper surface, even 
for some time afterwards, when the thermometers indicated 60°C. But 
at 36° C. it was covered with white eruptions. With the condenser, 
May 16th, we obtained the following tests. As we did not employ the 
| goller the conductivities deduced from detached readings are often in- 
consistent, and yet each of these conductivities was deduced from a 
number of observations, in some cases from twenty. This shows the 
difficulty of making eye observations, for when using the time roller 
and tracing on it with a pencil the path of the image of the cross 
fibres, no such inconsistences were met with. 


1 E, 
Temperature. log in megohms. 
60° C. 0°1175 °482 x 10 
The paraffin was quite liquid over the upper plate. 
62° 0 °0205 2 °569 x 10° 
64° °5 0 0222 2 °372 x 10° 
68° °5 0 2 018 x 10° 
5 0 0312 1 x 10° 
76° 0 1 x 10° 
8 0 0389 1 x 10° 
“4 0 0334 1 ‘577 x 10° 
76° “4 0 °666 x 10° 
75° 0 °0310 1 °699 x 10° 
74° 0 0268 1 x 10° 
72° °4 0 2 °141 x 10° 
0 0242 2°177x 10° 
69° 0 0240 2 °195 x 10° 


These results may be compared with the galvanometer results, 
because in both cases the temperature was cooling from a point much 
above melting. Considering the great difficulty of measuring the 
temperature, the agreement of these results with the galvanometer 
results may be regarded as very satisfactory. 

May 20th. Time roller used for the first time, quick motion only 
employed, that is, one revolution in two minutes. The battery was 
kept connected with the plates for intervals of time varying from three 
to ten minutes before plate A was insulated. The roller curves are in 

ves extremely interesting, but we think that to give them in 
the present paper would be superfluous. The curve EF gives the — 


1 
of log = without condenser from 52°*6 to 58° C.; the co- 
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Contact Theory of Voltaic Action. 
at temperatures at which it would be solid were it being gradually 
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ordinates of the points E, a, b, c, &c.’. . . F', have the values given ing | 
following table :— 4 


Temperature. ri log E, in megohms, 
49° -7 C, 0 8857 x 10° 

51° 0 0050 7794 xX 10°. 
E 52° 0 -0122 3195 x 
a 0 0677 575-7 
b 54° *65 0 °1620 240°6 

55° 0 | 107°9 
d 57° “0 1 *7040 22°88 x10 
F  58°-0 32776 11:90 x10 
59° 4 °1608 9 x 108 


Of the curve GCD, the part from G to C was obtained withont 


using the condenser, and for the part from C to D, the condenser wa 


employed. The co-ordinates of the points C, a, b, &.,... Dares | 


follows :— 

C 59° C. 0 0065 8 10 
a 61° °5 0 5 x 10 
b 62° 0 0097 - § 480x108 
c 64° 0 0126 4-180 x 10° 
d 66° 0°0138 3 °187 x 10° 
e 68° °5 0 ‘0193 x10 
f 70° 0 2 107 x10 
g 72° 0 -0267 1 972 x 10° 
h 73° ‘8 0 0285 1 x 10° 
D 75° 0 0293 1 x 10°. 


Assuming that the paraffin is always in the same state when tlt 
thermometer gives the same reading during a regular rise in tempem | 


ture of the apparatus, we find, 


; log * without condenser for 59°C. to be 4°36. 
2 
1 


7 log = with condenser for 59° C. to be 0 °0059. 


Therefore the ratio of the relative conductivities measured without : 


and with the condenser, is about 740, and hence, assuming the 


inductive capacity of paraffin does not change much with temperail™ | 


and that the change of capacity of the pair of quadrants cal b 


neglected, we can calculate the specific resistance in megohms 


cubic centimetre of paraffin wax from our time readings by ihe 
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following formule, which have been employed in obtaining the values 
of 2 given above. 
Without condenser, 

log e=7 °5908—log log = 


with condenser, — 
log e=4 °7216—log (2 log 


theing as usual measured in minutes. 


The changes which occur in the conductivity of paraffin wax when 
it melts are best seen in the curve AB. It is probable that the curve 
from E to F represents the continuation of AB to a different scale, and 
we have found that the further continuation beyond the point F is 
represented by the curve from C to D, which is again drawn to a dif- 
ferent scale. | 

All the loss of charge observations are combined in the curve GCD, 
and itis quite evident that there is a decided want of continuity in 
the curve. It is probable that paraffin follows the logarithmic law 
until it nears the melting point, but after melting the increase of con- 
‘ductivity would seem to be proportioned to the increase of tempera- 
ture. The curve CD may be a straight line, but the galvanometer 
results give a curve which is decidedly concave =— it is still, 
however, a very flat curve. 

Solid paraffin during the four degrees ‘before melting alters its 
specific resistance per cubic centimetre from 34000 x 10* megohms to 
1000x10* megohms. For the lowest temperature at which it can be 
suid to be melted, its specific resistance seems to be about 10x 10° 


| megohms, and 77°°8 C., to be pretty accurately 1°354 x 10* megohms. 


Gutta-Percha. 


The effect of heat on the conductivity of gutta-percha was studied by 
noting the loss of charge of two copper plates separated by a sheet of 
guita-percha 0°191 centim. thick. The conductivity even at ordi- 
tary temperatures was sufficiently great for the employment of a con- 


denser, The values of — ! z log z are shown in the curve OP (fig. 2), 


the.co-ordinates of the sia O, a, b, &c., ... P of the curve are given 
in the following table. 2, the specific aidatiei per cubic centimetre 
in _— has been calculated from the formula :—- 


log a=4 "7217 —log (+ log =) 


The plastic condition of the gutta-percha, at the higher temperatures 


has indicated itself in the curve between ¢ and P. 
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Temperature. log 


E, in meghoms, | 
O 83°C, 0 1052 5008x108 | 
80° 01005. 5243 x 10° 
b 77 “4 0 0984 "5359 X 108 
76° °5 0 :0964 0466 x 10° 
d 0 x 10° 
e 70° 0 7603x10. | 
h 69° °5 0693 "7603 x 10° 
i 68° 0 -0676 7794 x 108 
64° “4 0 -0442 1-192 x10 
k 62° 0 1-298 x10 
] 61° ‘9 0 -0381 1-383 x10 
m 60° 6 0 0345 1-527 x10! 
n 59° 0 °0335 1°573 x10 
57° 0 1°817 x10 
psi “4 0 0252 2-090 
q 55° 0 0219 2-406 x10! 
r 53° 0 -0180 2°927 x10 
52° 0 3378 x10 
t 50° +1 00131 4-022 x10 
u 48° 0 x10° 
v 47° 0 -0101 5217 x10 
w 45° “5 0 0075 7-025 x10 
44° 0 8-930 x10 


If we may assume that from P downwards in temperature the m 
sistance of gutta-percha follows the well-known logarithmic law, ¥ | 
find at 24° C. the specific resistance per cubic centimetre is 83x1l 

megohms, showing that for a sheet the gutta-percha is fairly good. | 


EKbonite. 


In determining the conductivity of ebonite, we at first proceeded # | 
described above, using a pair of copper plates; but we found that tie | 
charge instead of decreasing through conductivity increased apparently | 
indefinitely. On replacing the copper plates by sheets of platinum ¥ | 
obtained ‘consistent results, but this may have been due to the sulphur 
that could easily be liberated by heat having been driven out in tht 
previous heating. QR is the curve connecting the conductivity, @ 
1 
t 
from 65%, C. to 96° C., our highest temperature. No rapid change?” 
the conductivity is anywhere perceptible. akg 
As we could not employ the auxiliary condenser in consequén0 


rather — log = , and the temperature. This curve is nearly straigh 
2 


< 
| 
| 
} 
| 
. 
, 
¢ 
ef, 


1678.) | Contact Theory of Voltaic Action. 


the resistance of the ebonite being very great, and the loss, therefore, 
very slow even at high temperatures, and as the specific inductive 
capacity of ebonite is unknown, we were compelled to make experi- 


‘ments to determine the electric capacity of our arrangement. This 


was very difficult on account of the small area, 45°6 square centims., of 
the ebonite in contact with the platinum. The result, therefore, which 
we obtained, and from which we deduced the specific inductive capa- 
city of ebonite to be 1°7, must only be accepted as very rough, and 
merely of use in giving us approximate values of the resistance at 
various temperatures. The number 1°7 seems too small for a compo- 
sition of india-rubber and sulphur. Consequently, all our calculated 
values of 2 may be too large, and ought to be reduced in the ratio 
of 1:7 to the true specific inductive capacity of ebonite. 


Q 36° 0 0027 61030 x 10° 
41° 0 0026 63390 x 
. 46° 0 53160 x 10° 

c 48° °5 0 0038 43370 x 108 . 
d 53° 0 0045 36630 x 10° 
57° 0 0048 34340 x 
61° 0 35020 x 10° 
64° 0 -0057 28920 x 10° 
h 67° 0 :0077 21400 x 108 
0 °0076 21690 x 10° 
j 71° 0 0086 19160x 10° 
k 73° 0 :0093 21560 x 10° 
1 75° 0 0100 16480 x 10 
m 0 0112 14720 x 108 
n 79° 0 0120 18740 x 108 
80° 0 0124 13290 x 10¢ 
Pp 82° 3 0 -0133 12400 x 106 
q 84° 0 -0140 11770 x 10° 
r 85° *6 0 0142 11610 x 10° 
~ 87° 0 11210 x 10° 
t 88° °6 0 10840 x 10° 
u .90° 0 0153 10770 x 10° 
94° +4, 0 °0175 9419 x 108 
R 96° ‘8 0 0170 9696 x 10° 

India-Rubber. 


The relation of conductivity to temperature of a chemically clean 

plece of india-rubber containing sulphur is given in the curve ST. 

the loss was very slow we could not use the auxiliary condenser, 

dnd, therefore, had to-measure roughly the capacity of the arrange- 
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ment, which was found to be 0:000208 microfarad. The area of a | 
of the platinum plates, between which the india-rubber wag place), | 
was 45°6 square centims. The thickness of the india-rabber yy | 
0°106 centim., so that the calculated specific inductive capacity wy 
48, This seems too large; but an error, if there be one, in the dete. 
mination of the capacity would have made the calculated resistang 
too small, whereas the resistance is much higher than that hitherly | 
obtained with any of the forms of india-rubber experimented on by | 
electricians. We found that the capacity of the electrometer qnadrany 
was neglectable in these, and in the ebonite observations. We giv | 


the temperature and the corresponding values of . log ee and of zin | 
megohms for the points 5S, a, b, c, T of the curve ST. 


0 0100 5391 x 108 
a 75° 0 -0187 2882 x 108 
b 81° 0 1960 x 108 

c 86° °7 0 -0390 1382 x 10° 
T 90° 0 1015 x 10° 


II. “On the Viscosity of Dielectrics.” No. I. By W.E. Avan | 
and JOHN Perry, Professors in the Imperial College of En } 


gineering, Tokio, Japan. Communicated by Professor ir } 
W. THomson, LL.D., F.R.S. Received October 2, 1877. 


It is well known that india-rubber has a greater specific resistant | 
and a less specific inductive capacity than gutta-percha. Nows 
popular explanation of this might be given as follows :—Imagies | 
portion of the india-rubber in an india-rubber condenser replaced bys | 
metallic or other conducting substance either in a single piece or in the | 
form of grains scattered throughout the mass of the dielectric, then j 
the resistance of the condenser will be diminished while its capadly 
will be increased. As more and more metal is introduced into th | 
dielectric the capacity will become greater and greater, so that at last 
if all the india-rubber be replaced by metal, we ought to consider such 
a condenser as having an extremely great capacity, although on accom 
of the conduction it would be impossible to experimentally meas 
the charge. If the above consideration, which of course really appli | 
to a dielectric of heterogeneous constitution, be also applicable i : 
different homogeneous dielectrics, then we might expect to find that 
for all dielectrics the specific inductive capacity diminishes 9 te 
specific resistance increases. Now the experiments we hgve lately 
been engaged on concerning specific resistances enable us t pm 
that in the case of several well-known dielectrics this is really 90, ssl 
be seen from the following table :— 
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It will be observed that the conventional specific inductive capacity 
of shell-lac does not follow our law that small specific inductive capacity | 
accompanies high specific resistance. We are inclined, however, tp 
think that the real capacity may be far greater than this convention | 
one, since M. Boltzmann proved in 1874 that the true specific indy. 
tive capacities of sulphur and resin were respectively twice and om | 
and a half times as great as the capacities for these substances given | 
in books. Up to the present time we have not ourselves had g | 
opportunity of finding the true specific inductive capacity of shell-lag, | 

In the preceding table the resistance of ebonite is given in accord. | 
ance with the rule stated in our last paper, that is, the resistance given | 
in that paper has been reduced in the ratio of 1°7 to 3:15. The specifi 
inductive capacity of Hooper’s india-rubber is usually given as 31; | 
using, however, the numbers given on page 67, Clark and Sabin | 
Electrical Tables for the capacities of a sheet of air, and of the indi» | 


_ rubber one square foot in area, and y9'gq inch in thickness, we find the | 


ratio to be 3°3. | : 
Following out the relationship shown in the above table, we may 
consider a highly conducting metal as a dielectric of extremely great | 
specific inductive capacity, just as air, which has an extremely great 
resistance, is a dielectric having (as far as experiment has yet shown) 
the least specific inductive capacity. But as the resistance of the ar 
although very great is not infinite, so it is reasonable to conceive the | 
existence of a space more highly insulating than when filled with ai, | 
and at the same time having a less specific inductive capacity. 
When we examine the phenomena of induction in this way we might | 
expect to find a simple relation between the values of specific resi | 
ance and specific inductive capacity, but further consideration shows } 
that the received notions of both these qualities of dielectrics are ™ } 
badly defined that the first step is to establish clearness in our concep | 
tions before endeavouring to determine in what exact way spedli 
inductive capacity is a function of specific resistance. | 
As regards the capacity of an air condenser there cannot be much | 
vagueness, for there is neither perceptible absorption nor true condut- | 
tion, although further on we shall give our reasons for believing ther | 
is some absorption. But in all cases in which the dielectric is 0 
a gas there are absorption and conduction phenomena of a complicated | 
kind, and experiment hitherto has not accurately defined what is mealt 
by capacity in such cases. | | 
We are now carrying on a series of observations on induction phe : 
nomena in flint glass jars and other condensers with dielectrics havi 
a greater and less specific conductivity than glass. It is an investigh 
tion which progresses very slowly, as some of the single experimen 
last nearly a month. Certain curves obtained for time rising 
fallings of potential in condensers bore striking resemblances the 
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earve expressing the time increase of strain in a substance subjected 
to a constant stress, and careful examination shows that all our results 
up to the present time bear so close an analogy with the stress and 
strain phenomena in viscous substances, that we feel that this analogy 
means a physical connexion. We therefore propose, even before the 
completion of the experiments, to show in the present paper the bear- 
ing of this analogy; since not only does it constitute an extension of 
Faraday’s stress theory of induction, but, in addition, it forms a veri- 
fication of the extension of our knowledge regarding stress and strain 
phenemena, as afforded by our recent experiments on the viscosity of 
substances. Besides this, the theory that we are about to sketch roughly, 
and which we hope to establish in all its details by experiment, is 
valuable in furnishing an easily conceived image of the internal action 
taking place in a dielectric. 

A complete series of experiments will soon be ready for publication, 


. showing that almost every body which can be examined exhibits a 


time increase of strain under a constant stress. Thus, when a small 
couple, much less than that which is required to produce any perma- 
nent set, is applied to twist a prism, there is a rapid production of 
torsion due to a property of the material measured usually by a 


number called the modulus of rigidity; the rapidity depending mainly 


onthe mass which has to be moved, and also depending on the viscous 
yielding (or on something which is related to the viscous yielding) of 
the material. If we could eliminate the effect of inertia, then not an 
instantaneous but a very rapid production of torsion would be ob- 
served, the production of strain along the prism not being instan- 
taneous even at the beginning, but proceeding with a velocity com- 
parable with the velocity of electric induction. After a very short 
interval the torsion no longer increases rapidly, and only its amount 
(D) at the end of the interval is what has usually been taken into con- 
fideration by physicists and engineers. But it should be known that 
it is only after a long time that the production of strain ceases, and 
the additional torsion (d) in glass and steel fibres after some hours or 
days in some of our experiments became equal to (3D). If when the 


Production of strain appears to have ceased the twisting couple be 


suddenly removed, then there is a rapid but not instantaneous reduc- 
tion of strain (D), and an additional reduction (d) effected after a con- 
siderable time. | 
Thus for all strained substances that we have experimented on, the 
equilibriated state is one in which there is a free strain or a strain that 
Ig almost instantly removable, and there is also an absorbed strain 
which is only slowly produced, and which is only slowly removable. 
y in the same way, when a condenser is charged by a battery 


Ofelectromotive force (V), the charge at first increases rapidly, due to 


“ property of the condenser called its capacity (S); this rapidity 
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depends on the supply of electricity by the battery, and on leg. 
greater resistance to rapid motion offered by the viscosity (or on soma, | 
thing related to the viscosity) of the dielectric. os 
If we could eliminate the effect of slow supply by the battery (and. | 
this is always eliminated in the charging of glass condensers by voltaig | 
cells) we should still have not an instantaneous but a very rapid 
charging of the condenser; the rate of this charging does not at pre 
sent appear to be experimentally measurable, but ballistic galy, 
nometers measure the time integral of the current. We knowfron | 
the shape of the curve which shows the increase of charge with tim, 
and from the improbability of any want of continuity, that the rise of 
charge is not. really instantaneous. After a very short interval wha | 
the rate of increase of charge is incomparably smaller than the mean 
rate during the interval, the total amount of charge (SV) is what hag | 
usually been taken into account by physicists. But this charge dow, 
however, increase sometimes for many days to a maximum {(S+s)V}, | 
and in certain experiments with a flint glass condenser (s) at the end 
of about ten days was equal to (38). If, when the charge seems t | 
increase no longer (we must not confound with increase of charge the | 
small flow into the condenser which continues even after a long time 
and which measures true conductivity) we connect the coatings of the | 
condenser, there is a rapid but not instantaneous loss of charge (8Y), 
and a further loss (sV) only occurring after a long period. Thus for 
our condenser (exactly as for the strained viscous prism) the equil | 
briated state for any given difference of potentials is one in which | 
there is a free charge, that is, a charge almost instantly removable, | 
and an absorbed charge, that is, a charge only slowly produced ant — 
slowly removable. It has usually been considered that this absorbed | 
charge is quite distinct from conduction, but we know that wha | 
strain is being produced in a viscous substance, and all substance | 
seem to be viscous, some of the energy is converted into heat, them | 
fore if, as we consider, absorption is the production of strain, it mul @ 
be accompanied by the generation of heat, andthe conversion a | 
electric energy into heat is most suitably termed conduction. We 4 
_ cannot, therefore, have absorption without conduction, and farther, |] 
we consider all true conduction as an absorption in which the whok 
quantity of electricity is converted into heat, or into some fomd # 
energy not electrical. Again, when strain is produced by mechanical i 
stress, we know that the more rapid is the production of strain the | 
greater will be the amount of heat produced by internal friction. 
Reasoning by analogy, therefore, we may conclude that as the rato ot 
production of electric strain grows less and less as the interval elapl a 
ing since charging increases, therefore the rate of conversion of elect’ | 
energy into heat, that is, conduction, also grows less and less, aul, 
therefore, it is correct to say that the resistance of a dielectri¢ doed 
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increase by electrification. Besides this there is, of course, 
some of the absorbed energy which is recoverable, and which, there- 
fore, must not be confounded with conduction, just as the energy 
recoverable from a deflected beam must be distinguished from that 
lost through conversion into heat on account of internal friction. 

Tne conduction in a condenser, that is, the amount flowing in after 
nnch time has elapsed, and which is entirely lost as electric energy, 
however dificult it may be to measure with accuracy, is perhaps the 
only property of dielectrics having no reference to exact time, and, 
therefore, enabling comparison to be made between different dielectrics ; 
that is, when the flow into a dielectric is steady this flow may possibly 
be proportional to the electromotive force. We say advisedly ‘“‘ may 
possibly,” because we have reasons for thinking our ideas of stress and 
strain will not only throw light on the questions of absorption pre- 
viously referred to, but will in addition suggest an explanation of the 
hitherto apparent inconsistency between the laws for change of re- 
sistance by heat in conductors and in insulators. If that be so, then 
we think it may be possible that we shall find out that Ohm’s law is 
always but an approximation, and that this approximation is the 
nearer and nearer the truth the less the resistance of the conductor, 
and that for insulators the current, after it has become steady, may 
obey some such law as that experimentally determined by Mr. C. 
Varley for conduction through rarefied gases. (See “ Proceedings 
Royal Society,” October 5th, 1870.) ” 

True conduction is found to be extremely small after some weeks 
for the flint glass in Sir W. Thomson’s electrometers, care being taken 
that the charge in the jar is left quite undisturbed by induction, from 
electrified moving neighbouring bodies for example, whereas there is 
much loss of charge due to conductivity as well as that due to absorp- 
on in the first few days after charging. Thus two electrometer jars 
our possession when left untouched for some weeks were found, if 
the first measurement were made not much less than one week after 
charging, to retain nearly the whole of their charge, the electrometers 

ig in constant use, but the replenisher not touched during the 
entire time, to avoid alteration of internal distribution.. Now when 
the conductivity of glass is measured in any ordinary way a few hours 
after charging, it seems to be very great even when we are able to 
tlminate true absorption, which is all recoverable as electric energy. 
Inattention to these considerations, we think, led some of the students 
of Sir W. Thomson to infer that the true conductivity of flint glass 
"8 Incomparably greater than it really is. 
_ In fact, we believe that up to the present time no experiments have 
ster been made which determine the amount of the true conductivity 
aig glass, that is, the conductivity a long time after charging. 
mee very hot solid glass is like pitch, a “truly viscous fluid,” that is 
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goes on continually yielding under the action of a constant stress 


after the first few days. Similarly, as the true conductivity ig 


considerable in hot glass, we may conclude that there does exist tm | 


conductivity in cold glass, although the amount will probably be j 


small as to make its separation from surface conduction or ote 


extraneous loss extremely difficult. | : 

_ From the curves we have obtained of the charging of condenser, 
and assuming that there is no discontinuity, we must assume thaterm 
the first charging is itself a very rapid absorption, and since thers 


viscosity, even the very first charging must be accompanied wihs| 


generation of heat, that is, true conduction. Also since it is knom 


that gases, like all other substances, are to a certain extent viscous, w | 
- cannot believe that air and other gaseous condensers show absolutely 
no absorptive phenomena, in fact, sufficiently accurate experimen | 


have not yet been made on the subject. 


We conclude, therefore, that the less the specific resistance of amb 
stance the greater is its molecular plasticity, and the more plastic tl 
substance is the greater will be the first charge; therefore from tl | 
stress and strain analogy it follows that the less the specific ‘resistant | 
of a substance the greater will generally be the specific induciin} 


capacity, the result obtained experimentally at the commencement d 


this paper: according to what law, however, the one increases as tit 


other diminishes, we are not at present in a position to state. 


From all that precedes it follows that when the potential of a boi] 
surrounded by a dielectric is altered by induction, a portion of tit 
electric energy is converted into heat, the amount being greater as it | 


dielectric is more viscous. Consequently a charged body A, pertodly 


surrounded by a dielectric, may be discharged without contact wit] 
any conductor, by alternately bringing near and withdrawing a distal 
conductor B; for the capacity of the arrangement is alternately get | 
greater and less, therefore the potentials must be alternately growy” 


less and greater, and since all alteration of potential is accom 
by an alteration of strain in the viscous substance composing’ te 


dielectric, the potential energy of the system must be gradually am) 


verted into heat, whereas from the almost infinite resistance of the 


dielectric, if the bodies were motionless, this result could never Ma | 
been attained. Consequently since the particles of any body #°™ 
rapid motion, they must all tend to acquire the same potential, even | 
we imagine them separated by a dielectric of very great reqistaldh : 
provided the relative motions are motions of translation. But if i | 


movements are motions of rotation only, then this equalization 
potential will only take place after a very great time, if it takes pla 


. ° bi 
must assume, since we cannot imagine a breach of continuity in ty | 
phenomenon, that glass even when cold is also a “ truly viscong fluid” | 
although the gain of strain per day may be almost infinitely mg | 
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stall. This difference may, perhaps, explain why metals conduct so 
much better than glass, &e. | 


Ill. “Recent Experiments on Fog-Signals.” By Dr. TYNDALL, 
F.RS., Professor of Natural Philosophy in the Royal Insti- 
tution. Received March 14, 1878. : 


Our most intense coast-lights, including the six-wick lamp, the 
Wigham gas-light, and the electric light, being intended to aid the 
mariner in heavy weather, may be regarded, in a certain sense, as 
fog-signals. But fog, when thick, is intractable to light; the sun 
cannot penetrate it, much less any terrestrial source of illumination. 
Hence the necessity of employing sound-signals in dense fogs. Bells, 
gongs, horns, guns, and syrens have been used for this purpose; but 
it is mainly, if not wholly, explosive signals that I have now to 
mbmit to the notice of the Society. During the long, laborious, 
and, I venture to think, memorable series of observations conducted 
under the auspices of the Elder Brethren of the Trinity House at the 
South Foreland in 1872 and 1873, it was proved that a short 5}-inch 
howitzer, firing 3 lbs. of powder, yielded a louder report than a long 
\8.pounder firing the same charge. Here was a hint to be acted 
oby the Elder Brethren. The effectiveness of the sound depended 
on the shape of the gun, and as it could not be assumed that in the 
howitzer we had hit accidentally upon the best possible shape, arrange- 
ments were made with the War Office for the construction of a gun 
specially calculated to produce the loudest sound attainable from the 
combustion of 3 lbs.of powder. To prevent the unnecessary landward 
waste of the sound, the gun was furnished with a parabolic muzzle, 
intended to project the sound over the sea, where it'was most needed. 
The construction of this gun was based on a searching series of ex- 
Perments executed at Woolwich with small models, provided with 
muzzles of various kinds. The gun was constructed on the principle 
of the revolver, its various chambers being loaded and brought in 
tapid succession into the firing position. The performance of the gun 
proved the correctness of the principles on which its construction was 


It had been a widely spread opinion among artillerists, that a bronze 
pun emits a specially loud report. I doubted from the outset whether 
this would help us, and in a letter dated 22nd April, 1874, ventured 
to *xpress myself thus :—‘‘ The report of a gun, as affecting an observer 
Close at hand, is made up of two factors—the sound due to the shock 


vhs air by the violently expanding gas, and the sound derived from 
Be reetons of the gun, which, to some extent, rings like a bell. 
latter, I apprehend, will disappear at considerable distances.” 


A 
lid 
ven 
q 
ly 
willl 
Mite 
f 
the 
‘ 
{tir 
Te. 
if 
i 
LAA 
4 


946 Prof. Tyndall. Eicperiments on Fog-Signals, 


The result of subsequent trial, as reported by General Campbell x 
“‘ that the sonorous qualities of bronze are greatly superior to thog¢ | 
cast-iron at short distances, but that the advantage lies with the bye | 


metal at long ranges.’’* 


Coincident with these early trials of guns at Woolwich gy, 
cotton’ was thought of as a probably effective sound-producg, | 


Theoretic considerations caused me to fix my attention persistent 


on this substance; for the remarkable experiments of Mr, Abel | 
whereby its rapidity of combustion and violently explosive energy in | 
demonstrated, seemed to single it out as a substance eminently ql. | 
culated to fulfil the conditions necessary to the production of an inteny | 
wave of sound. What those conditions are we shall now. more pm. | 
ticularly inquire, calling to our aid a brief but very remarkable paper, 
published by Professor Stokes in the ‘ Philosophical Magazine” fer | 


1868. 


The explosive force of gunpowder is known to depend on the sudden | 
conversion of a solid body into an intensely heated gas. The work | 


which the artillerist requires the expanding gas to perform is th 


displacement of the projectile. Such, however, is not the work that | 


we want our gunpowder to perform. We wish it to transmuteit 


energy not into the mere mechanical translation of the shot, but int | 
vibratory motion. We want pulses to be formed which shall propagate | 
themselves to vast distances through the atmosphere, and this requir | 


a certain choice and management of the explosive material. 
A sound pulse consists essentially of two parts—a condensation 


and a rarefaction. Now air is a very mobile fluid, and if the shock j 
imparted to it lack due promptness, the pulse is not produced. Co ; 


sider the case of a common clock pendulum, which oscillates to mf 


fro, and which therefore might be expected to generate corresponding ; 
pulses in the air. When, for example, the bob moves to the right, | 
the air to the right of it might be supposed to be condensed, while | 


a partial vacuum might be supposed to follow the bob. As a, matter 


of fact, we have nothing of this kind. The air particles in frosbd } 
the bob retreat so rapidly, and those behind it close so rapidly in, thi” 
no sound-pulse is formed. A tuning-fork which executes 256 cm } 
plete vibrations in a second, if struck gently on a pad and held init 
air, emits a scarcely audible note. It behaves to some extent like the 
pendulum bob. This feebleness is due to the prompt “ reciprocalil§ 


flow” of the air between the incipient condensations and rarefactiony 
whereby the formation of sound-pulses is forestalled. Stokes, how 


ever, has taught us that this flow may be intercepted by placing the 


* General Campbell assigns a true cause for this difference. The ring of the broms 


gun represents so much energy withdrawn from the explosive force of the guj 


powder. . Further experiments would, however, be needed to place the supeniont] 
of the cast-iron gun at a distance beyond question. ath 
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: of a. card in close proximity to one of the corners of the fork. 

An immediate augmentation of the sound of the fork is the con- 
sequence. 

The more rapid the shock imparted to the air, the greater is the 
fractional part of the energy of the shock converted into wave motion. 
And as different kinds of gunpowder vary considerably in their 
rapidity of combustion, it may be expected that they will also vary as 
producers of sound. This theoretic inference is completely verified 
by experiment. In a series of preliminary trials conducted at Wool- 
wich on the 4th of June, 1875, the sound-producing powers of four 
different kinds of powder were determined. In the order of size of 
grain they bear the names respectively of Fine-grain (F.G.), Large- 
grain (L.G.), Rifle Large-grain (R.L.G.), and Pebble-powder (P.). 
The charge in each case amounted to 43 lbs.; four 24-pound howitzers 
being employed to fire the respective charges. There were eleven 
observers, all of whom, without a single dissentient, pronounced the 
sound of the fine-grain powder loudest of all. In the opinion of seven 
of the eleven the large-grain powder came next; seven also of the 
eleven placed the rifle large-grain third on the list; while they were 
again unanimous in pronouncing the pebble-powder the worst sound- 
producer. These differences are entirely due to differences in the 
rapidity of combustion. All who have witnessed the performance of 
the 80-ton gun at Woolwich must have been surprised at the mild. 
ness of its thunder. To avoid the strain resulting from quick com- 
bustion, the- powder employed is composed of lumps far larger than 
those of the pebble-powder above referred to. In the long. tube of the 
gun these lumps of solid matter gradually resolve themselves into gas, 
which on issuing from the muzzle imparts a kind of push to the air, 
instead of the sharp shock necessary to form the condensation of an 
intensely sonorous wave. | | 

These are some of the physical reasons why gun-cotton might be 


presumed, be able to slip from places of condensation to places of rare- 
faction with a, rapidity sufficient to forestall the formation of the wave. 
On @ priori grounds then, we are entitled to infer the effectiveness of 
gun-cotton, while in a great number of comparative experiments, 
stretching from 1874 to the present time, this inference has been veri- 
fied in the most conclusive manner. 
; As regards explosive material, and zealous and accomplished help 
m the use of it, the resources of Woolwich Arsenal have been freely 
Placed at the disposal of the Elder Brethren. General Campbell, 
: General Younghusband, Colonel Fraser, Colonel Maitland, and other 
officers, have taken an active personal part in the investigation, and in 
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| 
regarded as a promising fog-signal. Firing it as we have been taught 
fo do by Mr. Abel, its explosion is more rapid than that of gunpowder. 
Inits case the air particles, alert as they are, will not, it might be 
| 
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most cases have incurred the labour of reducing and 
the observations. Guns of various forms and sizes have been invoksj 


for gunpowder, while gun-cotton has been fired in free air, and in th | 


foci of parabolic reflectors. 


On the 22nd of February, 1875, a number of small guns, cyt | 


specially for the purpose—some with plain, some with conical, mj 


some with parabolic muzzles, firing 4 oz. of fine-grain powder, We | 
pitted against 4 oz. of gun-cotton, detonated both in the open andj | 
the focus of a parabolic reflector.* The sound produced by the gm. | 
cotton, reinforced by the reflector, was unanimously pronoune | 
loudest of all. With equal unanimity, the gun-cotton detonated j | 


free air was placed second in intensity. Though the same chap 


was used throughout, the guns differed notably among themselyy | 
but none of them came up to the gun-cotton, either with or witho | 
the reflector. A second series, observed from a different distance o | 


the same day, confirmed to the letter the foregoing result. 


As a practical point, however, the comparative cost of gun-cottn 
and gunpowder has to be taken into account, though consideration | 


of cost ought not to be stretched too far in cases involving th 


safety of human life. In the earlier experiments,where quantities | 


of equal price were pitted against each other, the results wen 


somewhat fluctuating. Indeed, the perfect manipulation of the gu. | 
cotton required some preliminary discipline—promptness, certamy, | 
and effectiveness of firing, augmenting as experience incressél, | 


As llb. of gun-cotton costs as much as 3 lbs. of gunpowder, thee 
quantities were compared together on the 22nd of February. Th 


guns employed to discharge the gunpowder were a 12-lb. bra” 
howitzer, a 24-lb. cast-iron howitzer, and the long 18-pounder nset ” 


at the South Foreland. The result recorded is, that the #b 


howitzer, firing 3 Ibs. of gunpowder, had a slight advantage over lh | 
of gun-cotton detonated in the open; while the 12-Ib. howitzer snl } 
the 18-pounder were both beaten by the gun-cotton. On the 2nd di | 
May, on the other hand, the gun-cotton is reported as having beet j 


beaten by all the guns. 


Meanwhile, the parabolic muzzle-gun, expressly intended for . | 


signalling, was pushed rapidly forward, and on the 22nd and 23rd of 
March, 1876, its power was tested at Shoeburyness. Pitted against t 
were a 16-pounder, a 54-inch howitzer, 14 1b. of gun-cotton det 


in the focus ofa reflector, and 13 Ib. of gun-cotton detonated m frees | 


On this occasion, nineteen different series of experiments were! 
when the new experimental gun, firing a 3-lb. charge, demo 


its superiority over all guns previously employed to fire the sm | 


charge. As regards the comparative merits of the gun-cotton fired 


* For charges of this weight the reflector is of moderate size, and may be et 


ployed without fear of fracture. 
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the open, and the gunpowder fired from the new gun, the mean values 

of their sounds were found to be the same. Fired in the focus of the 

selector, the gun-cotton clearly dominated over all the other sound- 

The whole of the observations here referred to were embraced by 
an angle of about 70°, of which 50° lay on the one side and 20° on the 
other side of the line of fire. The shots were heard by eleven observers 
on board the ‘‘ Galatea,” which took up positions varying from 2 miles 
to 13} miles from the firing-point. In all these observations, the rein- 
forcing action of the reflector, and of the parabolic muzzle of the gun, 
came into play. But the reinforcement of the sound in one direction 
implies its withdrawal from some other direction, and accordingly it was 
found that at a distance of 5} miles from the firing-point, and on a line 
including nearly an angle of 90° with the line of fire, the gun-cotton 
inthe open beat the new gun; while behind the station, at distances 
of 8: miles and 13} miles respectively, the gun-cotton in the open 
heat both the gun and the gun-cotton in the reflector. This result is 
rendered more important by the fact that the sound reached the © 
Mucking Light, a distance of 133 miles, against a light wind which 
was blowing at the time. 

Most, if not all, of our ordinary sound-producers send forth waves 
which are not of uniform intensity throughout. A trumpet is loudest 
in the direction of its axis. The same is true ofa gun. A bell, with 
its mouth pointed upwards or downwards, sends forth waves far 
denser in the horizontal plane passing through the bell than at an 
angular distance of 90° from that plane. The oldest bellhangers 
must have been aware of the fact that the sides of the bell, and not 
ig mouth, emitted the strongest sound, their practice being deter- 
mined by this knowledge. Our slabs of gun-cotton also emit waves 
of different densities in different parts. It has occurred in the experi- 
ments at Shoeburyness that when the broad side of a slab was turned 
towards the suspending wire of a second slab six feet distant, the wire 
was cut by the explosion, while when the edge of the slab was turned 
tothe wire this never occurred. To the circumstance that the broad- 
sides of the slabs faced the sea is probably to be ascribed the remark- 
able fact observed on the 23rd March, that in two directions, not far 
removed from the line of fire, the gun-cotton detonated in the open 
had a slight advantage over the new gun. 3 

Theoretic considerations rendered it probable that the shape and 
sue of the exploding mass would affect the constitution of the wave 
ofsound. I did not think large rectangular slabs the most favourable 
shape, and accordingly proposed cutting a large slab into fragments 


| of different sizes, and pitting them against each other. The differences 


he this a the reflector was fractured by the explosion, but it did por service 
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follows :— | 
Weights............ 6-02.  9-oz. 12-02. Rocket 
Value of sound...... 3°12 3°34 4°0 4°03 3°35 


These charges were cut from a slab of dry gun-cotton about 1ing | 
thick: they were squares and rectangles of the following dimensions. 
—4 oz., 2 inches by 2 inches; 6 oz., 2 inches by 3 inches; 9%, } 


3 inches by 3 inches; 12 oz., 2 inches by 6 inches. 


The numbers under the respective weights. express the recordel 


value of the sounds. They must be simply taken as a ready meansd 
expressing the approximate relative intensity of the sounds ag es 


mated by the ear. When we find a 9-oz. charge marked 4 and | 


12-0z. charge marked 4°03, the two sounds may be regarded as pre. 


tically equal in intensity, an addition of 30 per cent. in the large | 


charges producing no sensible difference in the sound. Were th 


sounds estimated by some physical means, instead of by the ear, te | 
values of the sounds would not, in my opinion, show a greater | 
advance with the increase of material than that indicated by the fore | 


going numbers. Subsequent experiments rendered still more certam 


the effectiveness, as well as the economy, of small charges of gun | 


cotton. 


It is an obvious corollary from the foregoing experiments that | 
our “nesses” and promontories, where the land is clasped on boii | 
sides for a considerable distance by the sea—where, therefore, tit | 
sound has to propagate itself rearward as well as forward—the ued + 
the parabolic gun, or of the parabolic reflector might be a disadvat j 
tage rather than an advantage. Here gun-cotton, exploded m tit} 
open, forms a most appropriate source of sound. This remaki] 
especially applicable to such lightships as are intended to spread i | 


sound all round them as from central foci. As a signal in rock ligt 


houses, where neither syren, steam-whistle, nor gun could be mounltl | 
and as a handy fleet-signal, dispensing with the lumber of spedll | 
signal-guns, the gun-cotton will prove invaluable. But in most | 
these cases we have the drawback that local damage may be done}y | 


the explosion. The lantern of the rock-lighthouse might suffer fu 


‘concussion near at hand, and though mechanical arrangements might | 
be devised, both in the case of the lighthouse and of the ship's dam | 
to place the firing-point of the gun-cotton at a safe distance, ne such 


arrangement could compete, as regards simplicity and effectivencs, 


with the expedient of a gun-cotton rocket. Had such @ means f 


signalling existed at the Bishop’s Rock Lighthouse the ill-fated Schill 
might have been warned of her approach to danger ten, or. ib may . 


ar. 
between the sounds were by no means so great as the differengs 4. 
the quantities of explosive material might lead one to expec 1, } 
mean values of eighteen series of observations made on board fy 
“Galatea,” at distances varying from 1{ mile to 48 miles, wey 
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ienty, miles before she reached the rock which wrecked her. Had 
the fleet possessed such a signal, instead of the ubiquitous but in- 
| gfectual whistle, the “Iron Duke” and “Vanguard” need never 
have come into collision. | | 

It was the necessity of providing a suitable signal for rock light- 
houses, and of clearing obstacles which cast an acoustic shadow, that 

the idea of the gun-cotton rocket to Sir Richard Collinson, 
ty Master of the Trinity House. That idea was to place a disk or 
short cylinder of the gun-cotton, in the head of a rocket, the ascensional 
force of which should be employed to carry the disk to an elevation of 
1,000 feet or thereabouts, where by the ignition of a fuse associated 
with a detonator, the gun-cotton should be fired, sending its sound in 
all directions vertically and obliquely down upon earth and sea. The 
first attempt to realize this idea was made on the 18th of July, 1876, 
at the fire-work manufactory of the Messrs. Brock, at Nunhead. 
Right rockets were then fired, four being charged with 5 oz. and four 
with 74 oz. of gun-cotton. They ascended to a great height, and 
exploded with a very loud report in the air. On the 27th of July, the 
rockets were tried at Shoeburyness, the most noteworthy result on 
this occasion being the hearing of the rockets at the Mouse Lighthouse, — 
$i miles E. by S., and at the Chapman Lighthouse, 85 miles W. by 
N.; that is to say, at opposite sides of the firing-point. It is worthy 
of remark that, in the case of the Chapman Lighthouse, land and trees 
| intervened between the firing-point and the place of observation. 
| “This,” as General Younghusband justly remarked at the time, ‘“‘ may 
prove to be a valuable consideration if it should be found necessary to 
| place a signal station in a position whence the sea could not be freely 
observed.” Indeed, the clearing of such obstacles was one of the 
objects which the inventor of the rocket had in view. 

On the 13th of December, 1876, and again on the 8th of March, 
1877, comparative experiments on firing at high and low elevations | 
were executed. The gun-cotton near the ground consisted of 4-lb. 
disks suspended from a horizontal iron bar about 44 feet above the 
ground. The rockets carried the same quantity of gun-cotton in their 
heads, and the height to which they attained, as determined by a 
theodolite, was from 800 to 900 feet. | | 

The latter day was cold, with occasional squalls of snow and hail, the 
direction of the sound being at right angles to that of the wind. Five 
Series of observations were made on board the “ Vestal,” at distances 
varying from 3 to 6 miles. The mean value of the explosions in the 
“ur exceeded that. of the explosions near the ground by a small but 
‘ensible quantity. At Windmill Hill, Gravesend, however, which was 
nearly to leeward, and 54 miles from the firing-point, in nineteen cases 
cut of twenty-four the disk fired near the ground was loudest; while 


im the remaining five the rocket had the advantage. Towards the 
VOL. 
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close of the day the atmosphere became very serene. A few distant 


cumuli sailed near the horizon, but the zenith and a vast 


space all round it were absolutely free from cloud. From the decko | 
the “ Galatea” a rocket was discharged, which reached a great een, | 
tion, and exploded with a loud report. Following this solid nugloy 
of sound was a continuous train of echoes, which retreated to a og, | 
tinually greater distance, dying gradually off into silence after sey, | 
seconds’ duration. These echoes were of the same character ag thop 
_ so frequently noticed at the South Foreland in 1872-78, and called ty | 


me “aerial echoes.”’ 


On the 23rd of March the experiments were resumed, the mo 
noteworthy results of that day’s observations being that the sound | 
were heard at Tillingham, 10 miles to the N.E.; at West Mersea, ue 


miles to the N.E. by E.; at Brightlingsea, 174 miles to the N.E.; ani 


at Clacton Wash, 204 miles to the N.E. by } E. The wind was bl. | 


ing at the time from the 8.E. Some of these sounds were prodneal 
by rockets, some by a 24-Ib. howitzer, and some by an 8-inch Marom. 

In December, 1876, Mr. Gardiner, the managing director of th 
Cotton-powder Company, had proposed a trial of this material against 


the gun-cotton. The density of the cotton he urged was only] 
while that of the powder was 1°70. A greater quantity of explosive | 


material being thus compressed into the same volume, Mr. Gardiner 


thought that a greater sonorous effect must be produced by th | 
powder. At the instance of Mr. Mackie, who had been in commuuice | 


tion previously with the Deputy Master of the Trinity House al 
myself, a Committee of the Elder Brethren visited the cotton-powi 


manufactory, on the banks of the Swale, near Faversham, on the 16th | 
of June, 1877. The weights of cotton-powder employed were 2 %#, | 
8 oz., 1 lb., and 2 lbs., in the form of rockets and of signals fired a fev j 
feet above the ground. The experiments throughout were arrange! | 
and conducted by Mr. Mackie. Our desire on this occasion was | 
get as near to windward as possible, but the Swale and othe | 
obstacles limited our distance to 1} mile. We stood here E.S.B. ir | 


the firing-point while the wind blew fresh from the N.E. 


The cotton-powder yielded a very effective report. The rockets | 
general had a slight advantage over the same quantities of mater | 
fired near the ground. The loudness of the sound was by no mam) 
proportional to the quantity of the material exploded, 8 oz. yielding | 


very nearly as loud a report as 1 1b. The “aerial echoes,” which D 
variably followed the explosion of the rockets, were loud and long. 
continued, shading off, as in all previous cases, by imperceptible grat 
tions into silence. | 


On the 17th of October, 1877, another series of experiments wi 
howitzers and rockets was carried out at Shoeburyness. The charg 
of the howitzer was 3 lbs. of L.G. powder. The charges of te | 
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sockets were 12 0z., 8 0z., 4 oz., and 2 oz., of gun-cotton respectively. 


The gun and the four rockets constituted a series, and eight series were 
ered during the afternoon of the 17th. The observations were made 
tom the “ Vestal” and the “ Galatea,” positions being assumed which 
“ted the sound to reach the observers with the wind, against the 
wind, and across the wind. The distance of the “ Galatea” varied from 
8497 miles, that of the “Vestal,” which was more restricted in her 
movements, being 2 to 3 miles. Briefly summed up, the result is that 
the howitzer, firing a 3-lb. charge, which it will be remembered was 
our best gun at the South Foreland, was beaten by the 12-oz. rocket, 
by the 8-oz. rocket, and by the 4-oz. rocket. The 2-oz. rocket alone 
fell behind the howitzer. | 
It is worth while recording the distances to which some of the 
sounds were heard on the day now referred to :— 


lL. Leigh 6 miles W.N.W. .. 24 out of 40 sounds heard. 
2. Girdler Light-vessel.. 12 , SE. by EB... 5 
173 ” S.E. by Bee ” 
Epple Bay.......... 22 , SE. by BE... 19 
7. 26 » SE. DYE... 8 


The day was cloudy, with occasional showers of drizzling rain; the 


| wind about N.W. by N. all day; at times squally, rising to a force of 
‘6and 7 and sometimes dropping to a force of 2 or 3. The station at 


leigh excepted, all these places were to leeward of Shoeburyness. At 
four other stations to leeward, varying in distance from 15} to 245 
miles, nothing was heard, while at eleven stations to windward, vary- 
ing from 8 to 26 miles, the sounds were also inaudible. It was found, 
indeed, that the sounds proceeding against the wind did not penetrate 
much beyond 3 miles. 

On the following day, viz., the 18th October, we proceeded to Dunge- 
ness with the view of making a series of strict comparative experi- 
ments with gun-cotton and cotton-powder. Rockets containing 8 oz., 
4oz., and 2 oz. of gun-cotton had been prepared at the Royal Arsenal ; 
while others, containing a similar quantity of cotton-powder, had been 
supplied by the Cotton-powder Company at Faversham. With these 
were compared the ordinary 18-pounder gun, which happened to be 
mounted at Dungeness, firing the usual charge of 3 lbs. of powder. 

From these experiments it appeared that the gun-cotton and cotton- 

were practically equal as producers of sound. 

The effectiveness of small charges was also illustrated in a very 
, manner, only a single unit separating the numerical value of 
the 8-02. rocket from that of the 2-oz. rocket. The former was re- 


corded as 6°9 and the latter as 5°9, the value of the 4-0z. charge being ~ 


intermediate between them. These results were recorded by a number 
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of very practised observers on board the “ Galatea.” They were com, : 


pletely borne out by the observations of the Coastguard, who marked 
the value of the 8-oz. rocket 61, and that of the 2-02. rocket 59 
The 18-pounder gun fell far behind all the rockets, a regu} Drv. 
-bably to be in part ascribed to the imperfection of the ‘Powder, 
The performance of the syren was, on the whole, less sati 

than that of the rockets. The,instrument was worked, not by steam 


70 Ibs. pressure, as at the South Foreland, but by compressed sip 


beginning with 40 lbs. and ending with 30 Ibs. pressure. The trumps 


was pointed to windward, and in the axis of the instrument the sound 
was about as effective as that of the 8-oz. rocket. But in a direction 
at right angles to the axis, and still more in the rear of this direction, 


the syren fell very sensibly behind even the 2-oz. rocket. 
These are the principal comparative trials made between the gu. 


cotton rocket and other fog-signals; but they are not the only ong 
On the 2nd of August, 1877, for example, experiments were made at 
Lundy Island with the following results. At 2 miles distant from th 


firing point, with land intervening, the 18-pounder, firing a 3-lb. charge, : 
was quite unheard. Both the 4-0z. rocket and the 8-oz. rocket, how 
ever, reached an elevation which commanded the acoustic shadow, and 
yielded loud reports. When both were in view, the rockets were stil 
superior to the gun. On the 6th of August, at St. Ann’s, the 402. and | 
_8-oz. rockets proved superior to the syren. On the Shambles Light | 
vessel, when a pressure of 13 lbs. was employed to sound the syren, the 


rockets proved greatly superior to that instrument. Proceeding along 
the sea margin at Flamboro’ Head, Mr. Edwards states that at dis 
tance of 14 mile, with the 18-pounder gun hidden behind the cliffs, it 
report was quite unheard, while the 4-0z. rocket, rising to an elem — 
tion which brought it clearly into view, yielded a powerful sound 2 
the face of an opposing wind. 
On the evening of February 9th, 1877, a remarkable series i 
experiments was made by Mr. Prentice, at Stowmarket, with th 
gun-cotton rocket. From the report with which he has kindly fur 


nished me I extract the following particulars. The first column int 


annexed statement contains the name of the place of observation, ti? 
second its distance from the firing-point, and the third the rest 
observed :— 


Stoke Hill, Ipswich.... 10 miles Rockets clearly seen and sounds snail 


53 seconds after the flash. 
Melton 15 ,, Signals distinctly heard. Thought at first ts 
sounds were reverberated from the 


Framlingham cocsewee 1B 4 Signals very distinctly heard, both in the, ope 


air and in a closed room. Wind in favour 
sound. 


Stratford. St. Andrews 19 ,, Reports loud; startled pheasants it in 4 nat 


close by. 
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Christ Church Park.... 
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St. Martin 10 miles Reports very loud; rolled away like thunder. 
Report arrived a little more than a minute after 


flash. 

Nettlested Hall........ 6 ,, Distinct in every part of observer’s house. Very 
loud in the open air. 

Bildestone . . 6 ,, Explosion very loud, wind against sound. 

Nacton secccececcvecs 14 ,, Reports quite distinct—mistaken by inhabitants 
for claps of thunder. 

Aldboro .. 25 ,, Rockets seen through a very hazy atmosphere ; 
a rumbling detonation heard. 

Capel Mills ......+-+- 11 ,, Reports heard within and without the observer’s 


~ house. Wind opposed to sound. 


15% ,, Reports distinct: attributed to distant thunder. 


‘In the great majority of these cases, the.direction of the sound 
enclosed a large angle with the direction of the wind. In some cases, 
indeed, the two directions were at right angles to each other. It is 
needless to dwell for a moment on the advantage of a signal command- 
ing ranges such as these. ; 3 | 

The explosion of substances in the air, after having been carried to 
a considerable elevation by rockets, is a familiar performance. In 
1873 the Board of Trade actually proposed a light-and-sound 
rocket as a signal of distress, which proposal was subsequently 
realised, but in a form too elaborate and expensive for practical use. 
The idea of the gun-cotton rocket with a view to signalling in fogs is, 


I believe, wholly due to the Deputy Master of the Trinity House. 


Thanks to the skilful aid given by the authorities of Woolwich, by 
Mr. Prentice, and Mr. Brock, that idea is now an accomplished fact ; 
asignal of great power, handiness, and economy, being thus placed at 
the service of our mariners. Not only may the rocket be applied in 
association with lighthouses and lightships, but in the Navy also it 
may be turned to important account. Soon after the loss of the 
“Vanguard” I ventured to urge upon an eminent naval officer the 
desirability of having an organised code of fog-signals for the fleet. 
He shook his head doubtingly, and referred to the difficulty of finding 
tom for signal-euns. The gun-cotton rocket completely surmounts 
this difficulty. It is manipulated with ease and rapidity, while its 
discharges may be so grouped and combined as to give a most im- 
portaut extension to the voice of the admiral in command. It is 
needless to add that at any point upon our coasts, or upon any other 
Coast, where its establishment might be desirable, a fog-signal station 
might be extemporised without difficulty. 


| Thave referred more than once to the train of echoes which accom- 
panied the explosion of gun-cotton in free air, speaking of them as 
smmilar in all respects to those which were described for the first time 
my Report on fog-signals, addressed to the Corporation of Trinity 
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House in 1874.* To these echoes I attached a fundamental gion | 
cance. There was no visible reflecting surface from which they could | 
come. On some days, with hardly a cloud in the air, and hardly 5 § 
ripple on the sea, they reached us with magical intensity. They cam | 
directly from the body of the air in front of the great trumpet whic | 
produced them. The trumpet-blasts were five seconds in duratj 
but long before the blast had ceased the echoes struck in, adding theip 
strength to the primitive note of the trumpet. After the blast had 
ended the echoes continued, retreating further and further from th | 
point of observation, and finally dying away at great distances, Th 
echoes were perfectly continuous as long as the sea was clear of shipg 
“tapering” by imperceptible gradations into absolute silence. But 
when a ship happened to throw itself athwart the course of the son, 
the echo from the broadside of the vessel was returned as a shock 
which rudely interrupted the continuity of the dying atmosphere | 
music. 
These echoes have been ascribed to reflection from the crests of the | 
sea-waves. But this hypothesis is negatived by the fact that the echoes | 
were produced in great intensity and duration when no waves existed 
—when the sea, in fact, was of glassy smoothness. It has been alw 
shown that the direction of the echoes depended not on that of waves, 
real or assumed, but on the direction of the axis of the trumpt 
Causing that axis to traverse an arc of 210°, and the trumpet to sou | 
at various poimts of the arc, the echoes were always, at all events | 
calm weather, returned from that portion of the atmosphere toward | 
which the trumpet was directed. They could not, ander the circum | 
stances, come from the glassy sea; while both their variation d 
ce direction, and their perfectly continuous fall into silence, are irrecu | 
—— cileable with the notion that they came from fixed objects on the lant } 
ya They came from that portion of the atmosphere into which the trump | 
poured its maximum sound, and fell in intensity as the direct soul | 
penetrated to greater atmospheric distances. — : 
The day on which our latest observations were made was particle 
larly fine. Before reaching Dungeness, the smoothness of the #4} 
and the serenity of the air caused me to test the echoing power of tt | 
atmosphere. A single ship lay about half a mile distant between 
and the land. The result of the proposed experiment was clearly 
foreseen. It was this. The rocket being sent up, it exploded ue : 
mie great height; the echoes retreated in their usual fashion, becom 
£3 less and less intense as the distance of the surfaces of reflection fu 
ii the observers increased. About five seconds after the explosion? | 
| single loud shock was sent back to us from the side of the ve 
aa lying between us and the land. Obliterated for a moment by ths : 


* See also “ Philosophical Transactions” for 1874, p. 183. - 
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more intense echo, the aérial reverberation continued its retreat, dying 
away into silence in two or three seconds afterwards. 

I have referred to the firing of an 8-oz. rocket from the deck of 
the “ Galatea,” on the 8th cf March, 1877, stating the duration of its 
echoes to be seven seconds. Mr. Prentice, who was present at the 
time, assured me that, in his experiments with rockets, similar echoes 
had been frequently heard of more than twice this duration. The | 
of his sounds alone would render this result in the highest 
degree probable. 

To attempt to interpret an experiment which I have not had an 
opportunity of repeating, is an operation of some risk; and it is not 
without a consciousness of this that I refer here to a result considered 
adverse to the notion of aérial echoes. When the trumpet of a syren 
is pointed towards the zenith, it is alleged that when the syren is 
sounded no echo is returned. Now the reflecting surfaces which give 
rise to these echoes are for the most part due to differences of tempera- — 
ture between sea and air. If, through any cause, the air above be | 
chilled, we have descending streams—if the air below be warmed, we 
have ascending streams as the initial cause of atmospheric flocculence. 
A sound proceeding vertically does not cross the streams, nor impinge 
upon the reflecting surfaces, as does a sound proceeding horizontally 
across them. Aérial echoes, therefore, will not accompany the vertical 
sound as they accompany the horizontal one. The experiment, as 
I interpret it, is not opposed to the theory of aérial echoes which I 
have ventured to enunciate. But, as I have indicated, not only to see, 
but to vary such an experiment, is a necessary prelude to grasping its 
fall significance. | 

Ina paper published in the “‘ Philosophical Transactions”’ for 1876, 
Professor Osborne Reynolds refers to these echoes in the following 
terms: ‘‘ Without attempting to explain the reverberations and echoes 
which have been observed, I will merely call attention to the fact that 
inno case have I heard any attending the reports of the rockets,* 
although they seem to have been invariable with the guns and pistols. 
These facts suggest that the echoes are in some way connected with 
the direction given to the sound. They are caused by the voice, 
trumpets,and the syren, all of which give direction to the sound; but 
Tam not aware that they have ever been observed in the case of a 
sound which has no direction of greatest intensity.” 

The reference to the voice and other references cause me to think 
that, in speaking of echoes, Professor Osborne Reynolds and myself 
are dealing with different phenomena. Be that as it may, the fore- 
going observations render it perfectly certain that the condition as to 


sag here laid down is not necessary to the production of the 


BR 


* These carried 12 oz. of gunpowder. 
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There is not a feature connected with the aérial echoes whi | 
cannot be brought out by experiments in the laboratory. I hyp | 
recently made the following experiment:—A rectangle, 22 inchs | 
by 12, is crossed by 23 brass tubes, each having a slit along i 
from which gas can issue. In this way, 23 low, flat flameg ane ob, 
tained. A sounding reed, fixed in a short tube, is placed at one enj 


of the rectangle, and a sensitive flame at some distance beyond th : 


other end. When the reed sounds, the flame in front of it is violently 
agitated, and roars boisterously. Turning on the gas, and lightingit | 
as it issues from the slits, the air above the flames becomes so heten. 
geneous that the sensitive flame is instantly stilled by the aérial n. 
flection, rising from a height of 6 inches to a height of 18 inche 
Here we have the acoustic opacity of the air in front of the South 
Foreland strikingly imitated. Turning off the gas, and removing th | 
sensitive flame to some distance behind the reed, it burns there tra. 

quilly, though the reed may be sounding. Again lighting the gasx 
it issues from the brass tubes, the sound reflected from the hetem. | 
geneous air throws the sensitive flame into violent agitation. Herewe 
have imitated the aérial echoes heard when standing behind the syren. 

trumpets at the South Foreland. The experiment is extremely simple, | 
and in the highest degree impressive. 


March 28, 1878. 
Sir JOSEPH HOOKER, K.C.S.1., President, in the Chair. 


The Presents received were laid on the table, and thanks ordered | 
for them. | 


Notice was given that the name of Dr. Radcliffe had been wit 
drawn from the list of Candidates for the Fellowship. | 


The following Papers were read :— 
I. “On Putrescent Organic Matter in Potable Water. IL’ By 


Gustav BiscHor. Received February 18, 1878. Comm” 
nicated by E, FRANKLAND, F.R.S. 


Referring to the paper which I communicated to the Royal Society 
last session*, I have to add, that after passing water continuously fr 
six weeks through one of the vessels there described, filled with = 


* “ Proceedings,” vol. xxvi, p. 152. 
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1878.) 
iron, and on the bottom of which meat had been placed, the latter was 
sill in a perfectly fresh and hard condition. _ 

This result encouraged me to try in a similar way the action of 
spongy iron upon hay infusion. The hay, steeped in water, was heated 
for two days to about 35° C. The infusion then showed, under the 
microscope, an abundance of organic life. I could not obviously test 
the action of spongy iron upon this infusion,in the manner described 
in my last paper, namely, by passing it continuously for weeks 
through a vessel containing spongy iron and meat. However, I be- 
lieve the result will be considered equally conclusive as to the absence 
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| ofany putrefactive agents in hay infusion after filtration through spongy 


iron, should the meat remain fresh on being immersed in the filtered 
liquid for several weeks. ae 

The following arrangement was adopted :—- 

A large vessel was filled with the ordinary filtering materials em- 
ployed in spongy iron filters, namely, commencing at the bottom, with 
gravel, sand, pyrolusite, and spongy iron. The three first materials 
were introduced to prevent the filtered solution containing any iron. 
The vessel was provided with a neck at the bottom, and a volume of 
the hay infusion, equal to the bulk of spongy iron in the filter, was 
passed through it every 45 minutes. 

Into the neck of the vessel I fixed some tin tubing by means of an 
india-rubber stopper. The tubing was connected with six tins, or 
cylindrical vessels of tin-plate, holding about 500 cub. centims. each. 
After placing a piece of fresh meat in each tin, a lid was soldered on 
ar-tight. The tubing was so arranged, that the inlet tube passed to 
the bottom of each tin, an exit tube carrying the water off from the 
top. By first pressing the tubing together, and then cutting it, all the 


‘tins could be readily separated without exposure to air. Each tin was 


provided on the top with a short piece of tubing, to serve later on for 
the escape of steam. 

In order to wash the apparatus and materials, I passed, in the first 
instance, water of the New River Company continuously through them 
for 24hours. The tins and contents were then immersed for two hours 
m boiling water to destroy any putrefactive germs adhering to the 
meat. After closing the tubing, which served during boiling for the 
escape of steam, the tins were cooled, and then the filtration of New 
River water continued for two more hours. 

The last two tins, which, it will be understood, contained filtered 
water and meat, were now detached, and into one of them I passed 
100 cub. centims. of filtered air, after connecting under alcohol with a 
glass tube, 6 feet long, containing compressed cotton wool, through 
which the air was forced. These two tins were kept for comparison 
with those in which the meat was to remain in contact with filtered 
hay infusion. The infusion was passed for six hours through the 
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apparatus, including the remaining four tins. These being then gly | 
detached, 100 cub. centims. each of filtered air were passed ag befgy | 


into two of the tins. 
On opening the tins, which contained filtered water, the one 


, the other without filtered air, the meat was, after four to five weeky 


standing, found to be quite fresh. Nevertheless, when, after som 
time, a drop adhering to the meat was examined under the Microscope, 
moving organisms were detected. 

The tins which contained meat and the filtered hay infusion gaye 


: 


similar results. One pair of the tins, the one with, the other witht 
filtered air, was opened after nine weeks, and the other after nin 


months’ standing. In both cases the meat remained fresh. 


The hay infusion after filtration had a peculiar smell, reminding m 


of some kinds of cheese. This obviously imparted to the meat asimilr 
smell, which, however, was quite distinct from that of putrid meu 
After the samples of meat had been standing for 24 hours, the smel 
decreased considerably, and the following day it was hardly perceptible 


Between the third and sixth day the several samples exhibited gm 


dually the characteristic smell of putrid meat; those samples which 
did not contain filtered air resisting putrescence, apparently, longer 
than the others. The filtered hay infusion, which had not been i 


contact with meat, had, after several months’ standing still, the same 
peculiar smell. 

The conclusions which I drew in my last paper as to the antisepli 
properties of spongy iron upon putrefactive agents in ordinary wale 
apply therefore equally to hay infusion. However, those samples t 


which filtered air had been supplied, prove more conclusively than my 
_ experiments last year that the bacteria, or their germs, are not revival” 


when supplied with oxygen after the filtration. This, in my opinia, 
is a result of some importance, as it demonstrates that, by filtration 
through spongy iron, putrefaction of organic matter is not only si 
pended for a time, but that it ceases entirely until reinstated by som 
putrefactive agent foreign to the water. 


Since communicating my last paper, I have ‘i continued te 


inquiry , how the peculiar action of spongy iron upon organic matter 
is to be explained. If a rod be inserted into a body of spongy i 
which has been in contact with water for some time, gas bubblesa 
seen to escape. This gas is sometimes explosive, sometimes 10% ! 
collected a quantity of the gas from two different filters, one of 
had been in constant operation with ordinary water for ten months. 1 
was free from any carbonic anhydride, but contained carbon and hy dav 
gen. The hydrogen obviously results from the decomposition of water by 
spongy iron. The carbon might be due to the decomposition of cal 
bonaceous organic matter, or it might be produced similarly # . 
carbo-hydrogen obtained, when dissolving ordinary iron by a 
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To decide which of these explanations is correct, a vessel was filled 
with spongy iron and distilled water, the air being expelled from the 
former as far as practicable. After three months’ standing, I analyzed 
the gas, collected as before by inserting a rod into the spongy iron. I 
found that it neither contained hydrogen nor carbon, therefore most 
probably consisted only of atmospheric nitrogen. This appears to in- 
dicate that the carbon, which was obtained in the previous experiment, 
is actually the result of the decomposition of organic matter.. 

The connexion between. disease and impure water, more especially if 
it be contaminated by putrescent organic. matter, has been strongly 
urged by various authorities, such as Drs. Buchanan, Frankland, 
Sanderson, Simon, Tyndall, and others. This has led me to 


attach such importance to the demonstration that ‘living ferments’”’ 


are absent from polluted water after filtration through spongy iron. 
Analytical figures, in their turn, have proved that even Thames water 


can by filtration through this material be made, chemically speaking, 


purer than some of the best deep well waters. As the latter are 
mostly more or less supplied by polluted surface water, which is 
purified by filtration in passing downwards, there is no reason why 
they should be preferred to artificially filtered water, provided the 
physiological character of both proves to be alike. This inquiry is at 
the present moment being officially instituted in several countries. 
Trastworthy evidence in the form of actual experience may thus ere 
long be expected to settle the final question, whether and how far the 
artificial purification of impure water by spongy iron can be considered 
asafeguard against the propagation of disease. 


I]. “On the Modifications of the Simple and Compound Eyes of 
Insects.” By B. THompson Lowng, F.R.C.S., Lecturer on 
Physiology at the Middlesex Hospital Medical School, Arris 
and Gale Lecturer on Anatomy and Physiology in the Royal 
College of Surgeons. Communicated by Professor FLOWER, 
F.R.S. Received February 27, 1878. 


(Abstract. ) 


The simple eyes of insects have been so accurately described by 
Previous Observers, that little need be said on their structure. I have 
described the simple eye of Hristalis, chiefly for comparison with the 
compound and aggregate eyes. ‘The close relation of the recipient 
tods to the inner surface of the cornea in this insect is most note- 
worthy, since, combined with the great convexity of the cornea and 


the highly refractive nature of the rods themselves, this renders the 


formation of an optical picture impossible. These facts with the small 
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number of recipient rods shew that it is most probable that the fay. 
tion of the ocelli is rather the perception of the intensity and thy | 
direction of light than of the actual disposition and colours ofg, | 
rounding objects. 

The compound eyes of insects are of two kinds; an intermedia — 
condition between the simple and compound eye, closely resembling the 
aggregate eyes of other anthropods, which I have at present only fomj 
in the Nematocerous Diptera, and in the bees, wasps, and antg, th 
only examples of the Hymenoptera in which I have examined the eye, 
and the true compound eye, found in the majority of insects. : 
_ I strongly suspect that further observations will show that the aggre. 
gate form of eye is also characteristic of the Hemiptera and of a larg 
number of the Coleoptera; I hold this view, from a casual obsern 
tion of the eyes of several species of Hemiptera, as well as from the 
imperfect description of the eyes of these insects in Dr. Grenacher's 
recent paper. 

I have examined and described the eyes of Tipula, Formica, and 
Vespa, which are examples of very highly modified aggregate eyes. In 
these insects each facet of the cornea has sixteen recipient rod cells 
behind it. In Tipula these are so deeply pigmented, that in the adalt 
insect it is impossible to get a transparent section; although I have 
adopted the method described by Dr. Schaefer in the preparationot 
fine sections of the mammalian ovum,* of imbedding the specimen m 
cacao butter, and have cut sections of certainly not more than zh 
an inch in thickness. These have been examined with a sixteenth 
immersion of Nachet’s. 

The nearest approach to these deeply pigmented cells is seen in the 
red cones in the eye of the pigeon, described by Max Schultze,for 
perhaps in the deeply coloured rods of the eel (Kiihne).t But, unbke 
the latter, the pigmented parts of the eyes of insects, as far as my 
observations go, are unaffected by light, and the same observation his 
been made by Kiihne with regard to the colour in the so-called rods 
the eye of the lobster.§ 3 

Behind the corneal facet, and immediately in relation with it each 
rod-cell has a minute highly refractive spherule; this is of an item 
purple colour in the eye of Vespa and Tipula, but it is colourless in the 
eye of Formica rufa. It is exceedingly like the globule found betwea 
the inner and outer segments of the cones in many birds. . ae 

Behind the rod-cells a very remarkable structure is found which has 
hitherto escaped detection, except by Dr. Grenacher,|| who describes # 
under the name retinula. As this term is, however, applied by him 0 


* Proc. Roy. Soc.” + “ Archiv,” Bd. iii. 
{ Kiihne “ Untersuch. aus dem Physiolog. Inst. der Univ. Heidelberg; Ba. 
Hft. i. § Ibid, hft. ii. 


\| “‘ Zehender’s Monatsblatt. Beigeheft,” 1877. 
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d¢rnctures in other insects which are perhaps very different, and as it 


“tends at least to give an erroneous idea of its nature, I have preferred 


to call it the facellus. 
‘The facellus consists of a cylindrical or fusiform bundle of seven or 


more—twelve at least in the ant—fusiform cells, each of which has a 
fne axial thread of highly refractive material. This thread is prolonged 
from the outer extremity of the facellar cell into the rod-cell layer 
shove described. These threads pass also into the deeper structure 
beneath the facellus, which I have named the stemon. 

The stemon is the large rod-like organ which connects the facellus | 
with the ganglionic retina. The stemon of each central facet remains 
distinct through its whole course, but those of the peripheral facets — 
mite in bundles of four or more near their inner extremities. In 
Tipula each stemon, whether simple or compound, divides at its inner 
extremity into several irregular fine branches which pass into stellate 
highly pigmented cells (ganglion cells?). The inner processes of these 
cells connect them with the round cells of the ganglionic retina. In 
the ant and in the wasp, the stemonata do not divide at their inner 
extremities. In the latter I have not been at present successful in 
tracing the connexion of the stemon and the nervous structures 
beneath ; but, in the former, each stemon is connected with the gang- 
honic retina by what appears at first sight to be a thick nerve fibre. 
From observations on the eyes of Lepidoptera, where similar thick 
nerve fibres exist, I conclude that, in both cases, these are compound 
fibres consisting of a large number of primitive fibrille. The gang- 
honic retina in the ant consists exclusively of small round cells; I 
have been unable to detect either stellate corpuscles or fusiform cells, 
which are so constant in this organ in insects. 

In the third form of eye, the true compound eye, the facets are each 
provided with a single complex rod-like structure, which I have called 
the rhabdion, in accordance with the nomenclature proposed. by 
Dr. Grenacher. | 
' The nature of this structure is best seen in the eyes of the crepus- 
cularian Lepidoptera. In the eyes of the Sphingids a single rhabdion 
rests on a distinct facellus, quite comparable, indeed almost identical, 
with that of the semi-compound eye. The rhabdion is separated from 
the corneal facet by a cone, described under the term crystal-cone 
(lrystal-kegel) . The facelli are continuous with thick nerve fibres, — 
Which are undoubted compound. These are gathered together into 
herve trunks, the fibres from thirty or forty facelli being united into a 
‘ingle trank, which branches at its inner extremity, and is connected 

numerous ganglion cells. 

The cone consists of eight cells—Four are superficial, that is, they 
‘te in contact with the corneal facet; these remain soft; they have 

spoken of by previous writers as “‘ Sempers’ cells,” and have been 
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confounded with sub-corneal nuclei of the eye in the Diptera and some 
other insects, but they are, I believe, very different structures, mm, 
phologically speaking. The other four form the hard cone, or a] 
shall call it, the scleral cone. These remain distinct throughout th 
life of the insect, as the cone always splits most readily into four equ) 
segments corresponding to the four primitive cells. 
_ An examination of the eye in moths has shown that the neil of 
the scleral cone are prolonged as threads into the rhabdion. The threads 
are apparently viscous immediately after death, as they are liable t 
contract and form globular or pear-shaped drops, as the inner segments 
of the rods and cones of some vertebrates do, according to the obserr,. 
tions of Max Schultze.* 

The chamber in which the cone lies is usually lined with pigment 
cells. These are very remarkable in structure, reminding me of the 
retinal pigment cells of vertebrates; they are generally arranged romi 
the apex of the cone, and give off numerous thread-like prone which 
surround the cone. 

Although the compound eye in insects exhibits very considerable 
modifications in different families, the researches of Claperedet show 
that these are all developed from a condition closely resembling the 
type I have just described. The primitive zone consists of eight cells: 
four of which Claperede speaks of as the cells of ‘‘ Semper,” and fou 
of which he terms cells of the cone. There is every reason to believe 
that the scleral structures are formed in the interior of the latter, 
which, in moths, become ar converted into scleral tissue; thesame 
occurs, according to Leydig,t in some Coleoptera, as. Canthans 
melanura and Elater noctiluca: I have observed the same thing” 
the eye of Dytiscus, and, as is well known, this condition appertails 
in Hyperia, amongst the Crustacea. 

I think there is little doubt, from the observations of Leydig al 
Dr. Grenacher, that the eyes of most, if not of all, the pentameros 
Coleoptera retain the primitive structure of the cone throughont lil 
and those of many Crustacea present cones which are either partially 
or entirely converted into scleral tissue.§$ 

I propose to term these two forms of eye, proto- and sclero-conit. 

Starting from the proto-conic eye: There are two extreme forms 
of deviation ; in the one, the cone disappears, and its place is occup 
by a slightly coagulable fluid. This is the case in the eyes of the het 
rocerous Diptera. In these insects four portions of protoplasm remal 
attached to the outer extremity of the rhabdion; further observatiols 
are needed in the development of these structures, and as the 
origin of the fluid; but analogy, with the conditions in some of the 

* Archiyv.,”’ Bd. + Kol. Zeitsch.,” Bd. vii. 


*€ Miiller’s Archiv.,” 1855. 
§ Newton, “Eye of the Lobster,” “ Quarterly Journ. Mic. 8c. e 1874 
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Lepidoptera, renders it highly probable that the four bodies are the 
nuclei of the primitive cells of the cone, and that the remainder of 
these cells undergoes liquefaction. The four bodies in question are 


elipsoids, with their long axes at right angles to the plane of the 


cornea; they exhibit fine longitudinal striations. I have called the 
compound organ formed of these four bodies, the tetrasome. 

In the other type of eye, the chamber contains a fluid formed by 
the liquefaction of a portion of the cells of the primitive cone ; but 
a remarkable body is developed in the interior of these cells of a 
very complex nature. It consists of a tetrasome, formed of four minute 
highly refractive spheres, supported on a tetraphore. I think it probable 
that the tetrasome is formed from the nuclei of the four superficial 
cells of the cone, whilst the tetraphore appears to be a highly modified 
scleral cone formed in the interior of the deeper cells; but the whole 
question of the development of these parts is very difficult, and requires 
further investigation. | 

I have used the terms hydroconic and tetraphoric to designate these 
two forms of eye. The first is characteristic of the heterocerous Diptera 
and Libellulidee; the second occurs in Acridiwm, and in the diurnal 
Lepidoptera, Vanessa, Pieris, Colias, and Goneptria. — 

The rhabdion is either prismatic or cylindrical. In the eye of the 
pupa it is seen to be formed of four cells; but in the imago these are 
80 closely united that they can no longer be recognized as separate 
structures. It contains axial longitudinal strie, which appear to be 
the internal prolongations of the highly refractive cone or tetrasome. 

In the Lepidoptera the rhabdion rests on a facellus, formed of seven 
fusiform cells, or, in some cases, of as many cylindrical rods, but in the 
Diptera, Dragon flies, and some saltatorial Orthoptera it is in imme- 
diate relation with the outer stellate ganglion cells of the ganglionic 
retina. In the Diptera the rhabdia of the two peripheral rows of 
facets are, however, united into bundles of four or more at their inner 
extremities; at least, this is the case in the Syrphide; and these 
bundles are surrounded by fusiform pigmented cells in such a manner 
that they somewhat resemble a facellus. 

The Diptera have, however, a very remarkable layer in the gang- 


| lonic retina itself, which apparently represents the facellus in function 


at least; I have termed it the facelloid layer. 

The accompanying diagram represents the axial structures connected 
with a single rod-cell, in the semi-compound eye, and with one segment 
of the cone or tetrasome in the true compound eye. 

The rhabdia in the compound eye are surrounded in most insects by 
4 close network of tracheal tubes, but in the Diptera these are replaced 

sac-like trachea which fill the interspaces between the prismatic 
Thabdia ; this arrangement has been described by Leydig. 
The nervous structures of the retina and optic ganglia of the eyes of 
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insects are exceedingly difficult to make out; but I think I hayg gy | 
ceeded in working out the retinal structures of Hristalis and Agrion iy | 
considerable detail. In the other insects in which I have examined, | 
eye, the knowledge which I have been able to obtain of this portion ¢ 
the nervous system, must be considered at present as fragmentary, }y | 
Eristalis there are from without inwards :—1. A double layer of 
stellate ganglion cells; 2. A layer of small round nucleated edly, | 
3. The facelloid layer already referred to; and 4. A layer of stellate | 
ganglion cells. | | 
These parts are connected with a deep ganglion, which consists of 
several layers of fusiform cells by a decussating optic nerve, the fibre 
of which cross each other from above downwards, and from withont | 
inwards. The deep ganglion is connected by a distinct peduncle with | 
the supra-cesophageal ganglion. All the structures of the ganglionic | 
retina are supported by a fine neuroglia, which extends from a thick 
outer to a fine inner limiting membrane. : 
* In Agrion the ganglionic retina differs from that of Hristalis mth 
absence of a facelloid layer, which is replaced by a triple layer of 
prismatic cells: the investigation of the nerve structures of ths 
insect is rendered very difficult by the presence of a large quantity 
dark pigment in the stellate connective cells of the neuroglia. — : 
In Vanessa the facelloid layer of the retina is also absent, but in tt 
place there are numerous layers of fusiform cells. In noctuid moths,tr | 
at least in some species, the nervous structures are obscured by the 
large quantity of deep black pigment which they contain. In the j 
semi-com pound, or, as I have termed it, the microrhabdic eye of Tipula, 
the nervous retina consists of, (1,) a layer of stellate ganglion cel; 
(2,) of several layers of round cells; and (3,) of several layers d 
fusiform cells. The greatest simplicity exists in the eye of Forma, | 
in which all the structures of the nervous retina are absent except 
numerous layers of small round cells. I have not at present bea 
able to make out any decussation of the nerve fibres connecting the | 
deeper parts with the ganglionic retina in the insects with microrhabdie 
eyes, but the investigation is very difficult, owing to the great chang? | 
of the plane in which the nerve tracts lie. I do not think, howert, | 
that any decussation exists, or I think I should have found indications 
of it. 
_ The extent and curvature of the cornea and the size and curvalll® | 
of the facets afford the most important indications as to the maim 
in which vision is accomplished. In the true compound eye, T think 
the structure indicates that J. Miiller’s theory of vision 1s the most | 
probable; this is also Dr. Grenacher’s view, and it is supported, ws! 
shall now endeavour to show, by the curvature of the cornea and the | 


size of the corneal facets in different insects, as well as in di 
parts of the same eye. 
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The semi-compound eye introduces no new difficulty in this theory, 
it is probable, I think, that more than a single luminous impression is 
received by the elements whieh are situated behind each facet, and 
that these correspond with portions of the field of vision which are 
remote from each other, the central rod cell of one facet correspond- 
ing to one of the peripheral rod cells of some other facet; the 
extreme complexity of the connexions between the cells of the 

ionic retina renders this view not improbable. 

In order to determine the effect of the long fine highly refractive 
threads of the eyes of insects upon the light, I made some experi- 
ments on the transmission of light through fine threads of glass. 

I took a capillary tube of glass 53, of an inch in thickness, about 
;i, of an inch in diameter, and an inch in length, placed it upright 
ina small trough of water under the microscope and examined it 
with an inch objective. I found that no light passed through the 
lumen of the tube, but that the section of the wall of the tube 
appeared brightly illuminated. I next placed a few fine glass threads, 
drawn from a glass rod, in the interior of the tube; these were as 
nearly as possible the same length as the tube and measured 3,45 
of an inch in diameter. The upper end of each of these rods 
appeared as a brightly illuminated disk in the dark field; when the 
focus of the microscope was altered the disk enlarged, showing that 
the rays left the rod in a divergent direction; in some cases when the 
ends of the rods lay beyond the focus of the microscope, the disks of 
light exhibited grey rings, the result of interference. 

When the lower ends of these rods were lenticular, or fused into a 
drop, or drawn into a cone, the phenomena were the same, and in all 


cases the action of an oblique pencil, even when the obliquity was 


very slight, was feeble as compared with that of a pencil having the 
direction of the axis of the rod. 

These results are such as would be predicted on the undulatory 
theory; all the light passing into the rod, except very oblique rays, 
would be totally reflected, without any change of phase in the un- 
dulations, at the surface of the glass, whilst all except the axial rays 
would be very much enfeebled by numerous reflections and inter- 
ference from the different lengths of the paths of the rays. I think 
threads of a highly refractive character immersed in a medium of a 
less refractive index, when less than 005 Of an inch in diameter, would 
destroy the effect of rays of only very small obliquity by interference. 

In order to determine the effect of the pigment, I covered the 
exterior of some glass rods of ;3, of an inch in diameter with 
black varnish, and I then found it impossible to transmit any rays of 
even the slightest obliquity through half an inch of such a rod. 

From these facts I think it may be concluded that it is probable 


that the highly refractive structures may be regarded in the light of 
VOL. XXVII. 
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luminous points, which serve as stimuli in exciting the recipient pry : 


toplasm in which their ends are imbedded. 


The focus of the facet when this is lenticular, in all the fel | 


which I have examined, is situated considerably deeper than the ont 


end of the rhabdion and below the surface of the rod cells in th 
microrhabdic eye, so that even for objects as close as =}, of aninchyy — 


the cornea, we have to deal with convergent rays and not with a fou) 


point. This indicates some mode of nerve stimulation other than thy — 
union of homocentric pencils, in a point beneath the compound — 
cornea in relation with the recipient elements. Considering the gm] 
size of the parts, I think it quite possible that we must look to th | 
phenomena of interference for the explanation; at least, they mut | 


play an important part in the phenomenon. 


Whatever may be the manner in which vision is accomplished, the 


size of the corneal facets and the general curvature of the coma 


renders the theory of J. Muller highly probable. It is true thi | 


Claperéde has expressed the reverse opinion, but I shall endeavonr to 


show that he has done so on insufficient data. According to his ak | 


culation, a bee should be unable to distinguish objects of less than 


eight inches in diameter at a distance of twenty feet from it. This | 


calculation is based on the idea that the acuity of vision in this insect 


is the same in all parts of the field of vision, and that the genenl | 
surface of the common cornea is approximately a segment of a spher, | 
This is not the case, for the angles subtended by the adjacent faces | 
in the centre of the cornea, which is considerably flattened, 1s not | 


more than half a degree at the most; so that on J. Muller’s theory, 


supposing each facet to give rise to only a single luminous impression, 
the bee should be able to distinguish objects of about two inches m~ 


diameter at a distance of twenty feet, an acuity of vision quite equl 
to account for all the phenomena of vision in bees. 


I have measured the curvature of the cornea of a number 


insects, with a view to determining the angles made by the lines of 


vision drawn from the centre of adjacent facets. . This is done in the 
following manner :—A magnified image of the cornea is thrown ons 


sheet of white paper, by means of a microscope and camera Incas 


and the curve of its profile drawn; in this way I have found tht — 
principal meridians. These curves approach more or less closely to a2 


epicycloid. 


It is easy with such curves and the size of the corneal facets. 0 | 
determine the angles made by adjacent facets. The angles age 
inversely as the radius of curvature, and, therefore, the acuity df | 


vision varies directly.as the radius of curvature when the diameter? 
the facets remains the same, and inversely as the diameter of | 
facets when these vary in size. In many insects, as Tabant, 
peripheral facets of the cornea are twice or three times the 
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of those in the centre, and the radius of curvature is very short at the 
extreme periphery. | | 

In most insects the acuity of vision determined in this manner 
diminishes very rapidly at the periphery of the field. In the centre 
of the field it enables them to perceive, as distinct, objects which 
subtend one degree. In A’schna grandis the sharpness of vision is 
much greater, as the adjacent facets make an anglé of only eight 
minutes with each other. ‘This is the least angle I have measured in 
any insect, but I have no doubt, from the nature of the curve forming 
the meridians of the eye in the great dragon flies, that a small part of 
the centre of the field has a much greater acuity of vision than this; 
in the wasp the angle subtended by the smallest’ visual perceptions is 
twice as great as in A’schna ; and in the bee it is half a degree. 

The direction of the visual line, or the line perpendicular to the 
compound cornea in the centre of the field of most acute vision, varies 
in different insects. In the predaceous kinds it is directed forwards in 
the plane of the body, or forwards and outwards, making an angle of 
30° between the visual lines of the two eyes. In the pollen feeders it 
is directed downwards as well as forwards and outwards. 

The size of the corneal facets varies in different insects from 
stxp 10 745 Of an inch in diameter. Their size, except in a few 
insects, is dependent on the size of the insect, the largest insects 
having the largest and the smallest the smallest corneal facets. 
From this it follows that the vision of large insects is more perfect,than 
that of small ones, except where the curvature of the cornea is very 
fat, This corresponds with the manner in which the insects fly. For 
instance, the small Diptera fly round in small circles, and seldom leave 
the place in which they first attain their adult condition, except when 
borne away by currents of air, whilst the larger species take long 
lights when disturbed or in search of food. The experiments of 
Muller and others have shown that the direction and length of the 
light of insects depends largely on the visual powers of the insect. 
The forward flight of Tabanus and of many flies corresponds with the 
direction of their visual line, and the same may be said of the lateral! 
movements of the large dragon flies. 

_ The mimicry of insects, especially that between the Diptera and the 
Hymenoptera is sufficiently close to be a protection or advantage to the 
harmed insect, and is such that it would render the one indistinguish- 
able from the other, or the two insects would be scarcely to be dis- 


tinguished under conditions of vision equal to those with which the 


sects appear to be endowed except at very close quarters. 

the ‘extreme periphery of the cornea the adjacent facets make 
i angle of from 30' in wasps and some other Hymenoptera, to 12° 
i many insects. In the microrhabdic eye of Tipula the curvature 


| of the common cornea approaches the segment of a hemisphere. 
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Tn most insects the field of vision has a small region common to the: 


two eyes in the vicinity of the mouth; it is chiefly developed in thy 


predatory species, and probably serves in determining the distance of 
their prey from their mandibles. | 


III. “Measurements of Electrical Constants. No. IL On th 
Specific Inductive Capacities of Certain Dielectrics.” By _ 
J. E. H. Gorpon, B.A. Camb. First Series. Comm. || 
nicated by Professor J. CLERK MAXWELL, F.R.S. Received 
March 9, 1878. 


(Abstract. ) 


The author has, under Professor Clerk Maxwell’s directions, carmed 
out some measurements of specific inductive capacities by a new 
method. The essential features of it are:— _ 

(1.) It is a zero method. 

(2.) The electrified metal plates never touch the dielectrics. 

(3.) No permanent strain is produced or charge communicated, 3s _ 
the electrification is reversed some 12,000 times per second. | 

The potentials of the electrified plates were about equal to that ot 
2,000 cells. 

The following are the results obtained :—The solid dielectrics wer 
plates 7 inches square, and from } inch to 1 inch thick. 


Dielectric. Specific Inductive Capacity. 
Kbonite, 4 slabs of ((1.) 1: 
thickness (2.) 1°5553 | 
$23 inch, |(3.) 1-5671( Me™ 
about. (4.) 1°5669 | 
Best quality gutta percha ........ 1:5939 
Chatterton’s compound ...... 16080 


Solid paraffin, sp. |(1.)* 1°4986 
er. 9109at 11°C. |{(2.) 1°4943 
Melting point (3.) 14920 
68° C. (4.) 1°5033 

6 slabs, each #-inch |(5.) 1°4936 
thick, about. (6.) 1°5034 : 


Mean...... 


* These results are corrected for cavities in the plates. The mean of the une 
rected determinations is 1°4864. 
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Dielectric. Specific Inductive Capacity. 
*Bisulphide of carbon ..... 14474 
Chance’s optical ( Double extra dense flint .... 1°6840 
glass. Extra dense flint .......... 1°6727 
Slabs nearly Linch Light flint ................ 1°6677 
thick. Hard crown .......... 
Common plate glass, 
slabs, each 1 nck 10018 
thick, about. ) | 


The author suggests that the fact that all his results are sail lower 


than those obtained by previous experimenters may perhaps be ex- 


plained on a supposition that the specific inductive capacity of dielec- 
trices increases from an inferior to.a superior limit during the first 
small fraction of a second after the commencement of the electrifica- 
tim. He discusses this question at some length in his paper.f 

An expression of thanks to Professor Maxwell, for his clone super- 
intendence of the work, concludes the paper. 


IV. “On the Placentation of the Apes, with a Comparison of the 
Structure of their Placenta with that of the Human Fe- 
male.” By WiLL1AM TURNER, M.B. Lond., F.R.S., Professor 
of Anatomy in the University of Edinburgh. Received 
March 11, 1878. 


( Abstract.) 


The introductory chapter of this memoir consists of a summary of © 


the observations of John Hunter, Rudolphi, Breschet, Owen, Huxley, 
Rolleston, Ercolani, and Kondratowicz, on the form-and structure of 
the placenta in the apes. The author then gives a detailed description 
of his dissection of the gravid uterus and placenta of a Macacus cyno- 
molgus well advanced in pregnancy. He then enters into a detailed 


_ comparison between the form and structure of the placenta in the ape 


and that of the human female, in the course of which he records a 
number of original observations on the structure of the human pla- 
centa, Attention is more especially drawn to the comparative struc- 
tare of the decidua vera and serotina; to the prolongations of the 


- decidua, serotina into the interior of the placenta; to the arrangement, 


structure, and mode of origin of the intra-chorionic and sub-chorionic 
cells; to the arrangement of the arteries and veins of the placenta; 


* I cannot vouch for the exact accuracy of this determination, as the method of 
experimenting on liquids is not yet quite perfected. 
_ _t Note added April 7th. Compare Ayrton and Perry, on the “ Visesity of Di- 
electrics,” read March 21, 1878. 
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to the intra-placental maternal blood-spaces; the form and struct, 
of the chorionic villi: and to the relation of the maternal blood tad, | 
capillaries of the villi. 
The result of this comparison: proves that the Macacus and hump 
female closely correspond in the form of the uterus, and in ty | 
arrangement of the foetal membranes, and that they both possess g 
discoid placenta, which in the Macacus is divided into two lobes, but 
is not so divided in the human placenta. In the arrangement aj 
relative position of the constituent parts of the placenta they also cop. 
respond; and although some differences of detail in the character 
of some of the structures occur, yet, in the main features of con, 
struction, makroscopic as well as microscopic, they have a clog — 
resemblance to each other. | 


V. “On the Thermo-Electric Properties of Liquids.” By G. 
GorE, LL.D., F.R.S. Recerved March 12, 1878. 


(Abstract. ) 


In this communication, the author has described an improved appa | 
ratus for examining the thermo-electric properties of liquids, bythe | 
use of which, with the precautions stated, all sources of error in such — 
experiments appear to be removed; he has also described a numberof | 
experiments he has made with it, and the results obtained. | 

By employing a sufficient number and variety of electrically-con- 
ducting solutions, of acids, salts, and alkalies, in those experiments, he © 
has discovered several exceptions to the usual effect he had formerly 
obtained, viz., that acid liquids are thermo-electro-positive, and alky | 
line ones thermo-electro-negative; and has sketched a diagram repre 
senting the thermo-electric behaviour of heated platinum in three 
the exceptional liquids. | | 

Reasoning upon the satisfactory results obtained, he concludes:— | 
lst. That the electric currents are not produced by chemical action; — 
2nd. Nor by a temporary disassociation of the constituents of the 
liquid; 3rd. Nor. by the action of gases occluded in the metals; — 
4th. But that they are produced purely and solely by the heatysnd | 
that heat disappears in producing them; 5th. That they are immediate | 
or direct effects of the heat, and that aqueous conducting liquids, there 
fore, possess true thermo-electric properties: 6th. That the currents 
a result of a difference of thermic action at the surfaces of the two 
pieces of metal: 7th. That it is a product of a suitable molecular 
structure of the liquid, a change of such structure resulting fom — 
alteration of temperature, and a direct conversion of heat into elec- 


tricity; and 8th. That the circumstance which is most influential in 
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enabling heat: to produce the currents, and most determines their 
direction and amount, is a suitable molecular structure of the liquid. 
By means of the apparatus and process described, he has discovered 
molecular changes in several of the liquids examined; and as’ 
molecular changes are the bases of various physical and chemical 
alterations, he suggests the use of this apparatus and method as a new 
one for discovering anomalous molecular alterations, and other co- 
- incident physical and chemical ones, in electrically conducting liquids ; 
and for detecting differences of electric potential between metals and 
liquids at different temperatures. | 
By reasoning upon the different results obtained, he concludes also 
as probable, that when a piece of metal is simply immersed im a suit- 
able liquid, a change of temperature occurs ; and this (if correct*) is a 
parallel fact to that of the production of electricity by simple con- 
tact only. The results also support the contact theory of voltaic 
electricity. | 
The paper concludes with several suggestions of new lines of re- 
search suggested by the experiments, one of which is the construction 
of a new thermo-electro-motor. 


Presents, March 7, 1878. 
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Brussels:—Académie Royale des Sciences. Bulletin. 2e Série. 
' Tome XLIV. No.12. 8vo. 1877. Annuaire. 44e Année. 12mo. 
The Academy. 
Calentta :—Asiatic Society of Bengal. Journal. Vol. XLV. Part 2. 
Index. Vo!. XLVI. Part 2. No. 2. 8vo. 1877. Proceedings, 
1877. No. 6. 8vo. | The Society. 
Cherbourg :—Société Nationale des Sciences Naturelles. Mémoires. 
Tome XX. 8vo. 1876-77. | The Society. 
Edinburgh :—Royal Scottish Society of Arts. Transactions. Vol. 
IX. Part 4. 8vo. 1876. The Society. 
Frankfort-on-Main:—Neue Zoologische Gesellschaft. Der Zoolo- 
gische Garten. Jahrgang 18. No. 1-3. 8vo. 1877. The Society. 
Milan :—Reale Osservatorio di Brera. Pubblicazioni. No.12. Su 
- alcuni temporali osservati nell’Italia Superiore; Relazione del 
Prof. Paolo Frisiani. No. 13. Sopra alcuni scandagli del 
Cielo; Annotazioni del Prof. Giovanni Celoria. 4to. Milano, 
1878. | | The Observatory. 
* Since writing the paper the Author has proved, by experiment, that when a 
sheet of platinum is immersed in various saline, alkaline, and acid liquids, a slight 
_ ‘tse of temperature takes place; the solutions already employed, in which such a 
result occurs, are enumerated. 
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"fransactions (continued).. | 
Moscow :—Société Impériale des Naturalistes. Bulletin. 

a No. 3. 8vo. 1877. The Society, | 

Paris :—Société Géologique de France. Bulletin. 3¢ Série. Tom 

IV. No. 11, 12, Tables. Tome V. No. 4-7. Tome VI. No} 

8vo. 1876-78. The Soc 

Utrecht :—Physiologisch Laboratorium der Utrechtsche Hoogescho! 

Onderzoekingen uitgegeven door F. C. Donders en T. W, 

& gelmann. Derde Reeks. V. Afl. 1. 8vo. 1878. The Editon, 
Balfour (F. M.) A Monograph on the Development of. Elasmobranch 


_ Fishes. 8vo. London 1878. The Author, 
Bigsby (Dr. J. J.), F.R.S. Thesaurus Devonico-Carboniferus. Th | 
Flora and Fauna of the Devonian and Carboniferous Periods, 
4to. London 1878. The Author, 
Cremona (L.) Sulla Corrispondenza fra la teoria dei sistemi di Rette 
e la teoria della Superficie. 4to. Homa 1876. The Author. | 
Hirn (G. A.) La Musique et l’Acoustique: Apercu général sur leus 
rapports et sur leurs dissemblances. 8vo. Paris 1878. Motes — 
& Vapeur. (Mémoire par O. Hallauer). 8vo. Mulhouse 1877. | 
The Author. 
Hitchcock (C.H.) The Geology of New Hampshire. Part 2. Strati- © 
graphical Geology. 4to. Concord. 1877. The Authors. 
«4 Keller (F.) The Lake Dwellings of Switzerland and other partso | 
ag Kurope, translated and arranged by J. E. Lee. Second Edition | 
ia 2 Vols. 8vo. London 1878. The Translator. 
ba Pickering (Edward C.) Compilation of the Papers on Physics 
{& written 1865-77. 8vo. Cambridge, U.S. 1877. The Author. = 
Hee Plateau (J.) For. Mem.R.S. Bibliographie Analytique des print 
ia paux phénomeénes subjectifs de la Vision, depuis les temps a | 
— ciens. 4to. Bruaelles 1877. The Author. 


Presents, March i 1878. 


Transactions. 

ia) Amsterdam :—Koninklijk Zodlogisch Genootschap’ Natura Arts 

| Magistra’. Linneana, in Nederland Aanwezig. Svo. 1878. 
Aanwijzingen voor Bezoekers van de Tentoonstellmg ™ — 
Linneana. 8vo. Plechtige Herdenking van Linngus’ Leven 
Werken. 8vo. Rede ter herdenking van den Sterfdag ™ | 


Carolus Linneus. 8vo. The Society. | 
Bordeaux :— Société des Sciences Physiques et Naturelles. Mémoi 
2e Série. Tome II. Cahier 2. 8vo. 1878. The Society 
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Presents. | | 275 


London :—Linnean Society. Journal. Zoology. Vol. XIII. No. 72. 
Botany. Vol. XVI. No. 95. 8vo. 1878. The Society. 
Odontological Society. Transactions. Vol. IX. No. 8. Vol. X. 
No. 1-4. 8vo. 1877-78. The Society. 
Royal Institution. Proceedings. Vol. VIII. Part 4. (No. 67.) 
8vyo. 1878. List of Members. 1877. Additions to the Library. 


No. 20. 8vo. The Institution. 
Manchester :—Geological Society. Transactions. Vol. XIV. Part 
11-16. 8vo. 1877. | The Society. 


Stockholm :—Kongl. Vetenskaps Akademie. Ofversigt af Forhand- 


lingar. 34de Arg. No. 5-8. 8vo. 1877. The Academy... 


Truro:—Mineralogical Society. Mineralogical Magazine and 
Journal. No. 5-8. 8vo. 1877. The Society. 
Warwick :— Warwickshire Natural History and Archeological 
Society. Forty-first Annual Report. 1877. 8vo. The Society. 


Reports, &c. 

London :—Local Scnieseheath Board. Sixth Annual Report. 1876-77. 
Supplement containing the Report of the Medical Officer. 8vo. 
1878, 

Paris:—Kcole des Mines. Annales des Mines. 7e Série. Tome XII. 
: Liv..5-6 de 1877. 8vo. The School. 

Stonyhurst College Observatory. Results of Meteorological and 
Magnetical Observations. 1877. 8vo. Roehampton 1878. 

S. J. Perry, F.R.S. 

Washington :—United States Geological Survey of the Territories. 
Report. Vol. VII. The Tertiary Flora, by L. Lesquereux. Ato. 
1878. Bulletin. Vol. III. No. 4. Vol. IV. No. 1. 8vo. 
1877-78. Preliminary Report of the Field Work for 1877. 8vo. 
Miscellaneous Publications. No. 9. Descriptive Catalogue of 
Photographs of North American Indians. 8vo. 1877. 

| The Survey. 

United States Naval Observatory. Instructions for observing 
the Transit of Mercury. 1878. May. 5-6. 4to. 1878. 

The Observatory. 

Zi-ka-Wei (China.) :—Observatoire Magnétique et Météorologique. 
Bulletin Mensuel. No. 35. 4to. 1877. 

Rev. 8. J. Perry, F.R.S. 


bl (T.) Discovery of Stone Implements in Glacial Drift in North 
America. 8vo. London 1878. The Author. 
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Brongniart (Charles). Note sur des perforations observées dang dee 
morceaux de bois fossile. 8vo. Paris 1876. The Antho | 
Chambers (F.). Brief Sketch of the. Meteorology of. the Bombay 


Presidency in 1876. 8vo. | The Author 
Constantinesco (D.). Philosophie de la Nature. Apogée des Chose, 


8vo. Paris 1877. The Anthor | 


Dawson (J. W.), F.R.S. Supplement to the second edition g 
Acadian Geology. 8vo. London 1878. | The Author. 

Dove (H. W.) For Mem. R.S. Monatliche Mittel des Jahr 
‘1876, fiir Druck, Temperatur, Feuchtigkeit und Niederschlj 
und fiinftigige Warmemittel. 4to. Berlin 1877. The Anthor, 


Malard (E.) Des Empoisonnements par |’ Arsenic et par ]’Antimoing | 
et de la recherche médico-légale de ces deux corps. 4to. Thun | 


187%. The Author 
Rossetti (F.) Sulla Temperatura delle Fiamme. Zz Pts. 8vo. Venenis 
1877-78. Sul Telefono di Graham Bell. 8vo. 1878. Relazion 


della Giunta sul Pendolo a compensazione presentato da F. Zor | 


8vo. Relazione della Giunta sul tema dell’ Acustica applicat 
all’Architettura. 8vo. The Author 
Tidy (Dr. Meymott.) The London Water Supply. 4to. Lond 


1878. The Author. 


Presents, March 21, 1878. 
Transactions. 


Bombay :—Royal Asiatic Society, Bombay Branch, Joumil 
Vol. XII. No. 34a. 8vo. 1877. The Society. | 
Innsbruck :—Ferdinandeum fir Tirol und Vorarlberg. Zeitschnitt’ 


Dritte Folge. Heft 21. 8vo. 1877. The Instituton. 


Kiel :—Commission zur wissenschaftlichen Untersuchung der 


schen Meere. Jahresbericht fiir die Jahre 1874, 1875, 187. 


Jahrgang 4-6. Folio. Berlin 1878.—Ergebnisse der Beobach | 
tungsstationen an den deutschen Kiisten iiber die physikalischet | 
Higenschaften der Ostsee und Nordsee und die Fischerei. 1870. | 
Heit 10-12. 1877. Heft 1-2, Hinleitungsheft, oblong. 1876-71. | 


The Institution 
London :—Institution of Mechanical Engineers. Proceeding’. 
No. 2-4. 8vo. The Institution | 


National Association for the promotion of Social Science. Tra 
actions. Aberdeen Meeting. 1877. 8vo. 1878. : 

| The Associstiol 
Madrid :—Comision del Mapa Geoldgico de Espaia. Boletin. Tom 

IV, Cuaderno 2. 8vo. 1877. | The Instituto 

Philadelphia :—Academy of Natural Sciences. Journal. New Series 
Vol. VIII. Part 3. 4to. 1877. The Acadeny 
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Transactions (continued). 

- Stockholm :—Bureau Géologique de la Sudde. Carte Géologique, 
livraison 57-62, et 1-3. 8vo. and 8 sheets. 1877.—Glaciala 
Bildningar, af O. Gumelius. 2. 8vo. 1876.—Kemiska Berg- 
ertsanalyser, af H. Santesson. 1. 8vo. 1877.—Om en Cycadé- 

' kotte, af A. G. Nathorst. 8vo. 1875.—Arktiska Vaxtlemningar 
i Skane, af A. G. Nathorst. 8vo. 1877.—Nerikes Ofvergings- 
bildningar, af G. Linnarsson. 8vo. 1875.—Undersékningar éfver 
Istiden, af O. Torell. 1. 8vo. 1873.—Sur les traces les plus 

,  gnciennes de l’existence de l’homme en Suéde, par O. Torell. 
8vo. 1876. The Burean. 

Toulouse :—Académie des Sciences, Inscriptions et Belles Lettres. 
Mémoires. 7e Serie. Tome VIII, [X. 8vo. 1876-77. 


The Academy. 

Torin:—Accademia Reale delle Scienze. Annuario per |l’Anno 
1877-78. Anno 1. 8vo. Torino 1877. The Academy. 
Yokohama :—Asiatic Society of Japan. Transactions. Vol. V. 
Part 1, 2. 8vo. 1877. The Society. 


Duncan (P. M.), F.R.S. A Description of the Madreporaria dredged 
up during the Expedition of H.M.S. “ Porcupine,” in 1869 and 


1870. Part 2. 4to. London 1878. aoe The Author. 
(ibson (G..A.) The Old Red Sandstone of Shetland, a Graduation 
Thesis. 8vo. Edinburgh 1877. . The Author. 


Habirshaw (F.) Catalogue of the Diatomacee with references to the 


various published descriptions and figures. 4to. New York 1877. 
The Author. 
Hague (A.) and S. F. Emmons. Descriptive Geology (Report of the 
_ Geological Exploration of the Fortieth Parallel. Vol. II). 4to. 
Washington 1877. Clarence King, U.S. Geologist. 
Harrison (George L.) Chapters on Social Science as connected with 
the Administration of State Charities. 8vo. Philadelphia 1877. | 


The Author. 

Omboni (G.) Le Marocche, antiche morene mascherate da frane. 8vo. 
Padova 1878. The Author. 
Scott (R. H.) F.R.S. The American Storm Warnings. 8vo. London 
1878. The Author. 


7 Presents, March 28, 1878. 
Transactions. 


Basel :—Naturforschende Gesellschaft. Verhandlungen. Theil VI. 
Heft. 3. 8vo. 1878. 3 The Society. 
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Transactions (continued). 


Boston [U.S.]:—Harvard University. Bulletin of the Bussey h 
stitution. Vol. II. Part 2. 8vo. 1877. The Institution 


Gottingen :—Konigliche Gesellschaft der Wissenschaften. 
lungen. Band XXII. vom Jahre 1877. 4to. 1877. Nachrichts 
aus dem Jahre 1877. 8vo. 1877. The Society, 


Havre :—Société Géologique de Normandie. Bulletin. Tome 
fasc. 5. 8vo. 1877. The Society, 


Lund :—Universitet. Ars-Skrift (Acta). Tome XIII. 1874-7 
Mathematik och Naturvetenskap. 4to. University 
Montreal :—Natural History Society. The Canadian Natoralsg 


and Quarterly Journal of Science. Vol. VIII. No. 4, 6, 8, | 


1877. | The Society, 
New Haven :—Connecticut Academy of Arts and Sciences. Tram. 
actions. Vol. IV. Part 1. 8vo, 1877. The Academy. 


Toronto :—Canadian Institute. The Canadian Journal of Science, 
Literature and History. Vol. XV. No. 6, 7. 8vo. 1877. _ 
| The Institute 


Warwick :—Warwickshire Naturalists’ and Archeologists’ Fal 
Club. Proceedings. 1877. 8vo. The Club, 


Observations, &c. 


Melbourne :—Observatory. Results of Observations in Meteorology, 


Terrestrial Magnetism, &c., taken during the year 1879, ude 


the superintendence of R. L. J. Ellery, F.R.S. Vol. IV. 80 | 


Monthly Record of Results. May to October. 1877. 8vo. 
The Observatory. 


Paris:—Dépot de la Marine. Annales Hydrographiques, 18, | 


trimestre 4. 1877, trimestre-3. 8vo.—Annuaire des Marées dé 


Cétes de France pour l’an 1878. 12mo. 1877. Annuaire ds | 


Marées de la Basse Cochin-Chine pour |’an 1878. 12mo. 1871. 


Recherches  Météorologiques. No. 1. 4to. 1877. Recher 
Hydrographiques sur le régime des Cétes. Cahier 2, 6h 


4to. 1877. Mer Méditerranée, par J. S. Rayot. 8vo. 1876- 
Guyane Francaise. 8vo. 1877.—Mer des Antilles, par A. Salle 


des Noyers. 8vo. 1876.—Renseignements sur la Cote Nord du | 


Golfe Saint-Georges, par J. B. Obry. 8vo. '1877,—Supplémett 


aux Instructions 352, 353, 468, 469. 8vo. 1876. 59 na 


charts. The 


Bernard (Claude), For Mem. R.S. La Science Expérimentale. Lins | 


(Man 


al 


4 » 
3 
> 
| 
| 
| 
8] 
| 
| 
| | 
- b 
" 
7 
f 
| 
awe 


& 


1978.) Mr. J.N. Lockyer on Researches in Spectrum Analysis. 279 


Paris 1878. Cours de Physiologie Générale du Muséum d’Histoire 
Naturelle. Lecons sur les Phénoménes de la Vie. 8vo. 1878. 
The Family of the late C. Bernard. 
Brodie (Rev. P. B.) Fossil Lepidoptera. 8vo. Warwick 1877. 
The Author. 


“Researches in Spectrum Analysis in connexion with the 
Spectrum of the Sun.” By J. N. Lockyer, F'.R.S. Received 
November 17, 1877. Read January 24, 1878.* 


In a map of the solar spectrum, containing a greatly increased 
number of lines, such as that upon which I am now engaged, it is” 
possible to seek under favourable conditions the coincidence or non- 
coincidence of lines due to elements hitherto undetected in the solar 
atmosphere, on account of their existing in quantities insufficient to 
give very marked spectral lines. 7 

A search has accordingly been made, on the welnaigtes laid down in 
previous communications, for those elements which contain in their 
spectra long and well-characterised lines in the photographic region. 

Although the evidence cannot be said to be complete until the whole 
spectrum has been examined, it is not too early to adduce the following 
evidence as to the existence of several additional metals in the sun’s 
reversing layer, and the probable existence of others. 

The results obtained up to the present time are shown in the follow- 
ing tables, premising that in the first paper of this series the metals 
considered as being solar as the result of the labours of Kirchhoff, 

trom, and Thalén, together with the considerations there elapse 
forward regarding the length of the lines, were as follows :— : 


Na Fe Ca Meg Ni 
Ba Cu Zn Cr Co 
Ti Al 


* See ante, p. 49. ¢ “Phil. Trans.,” 1873, p. 258. 
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It is important to bear in mind that the lines recorded in the fore- 
going tables are in most cases the very longest visible in the photo- 
graphic region of the respective spectra. In some cases they are 
limited to the region 39-40, which I have more especially studied. So 
that the fact of their being reversed in the solar spectrum must be 


considered as the strongest evidence obtainable in favour of the exist- 


ence in the sun of the metals to which they belong, pending the com- 
plete investigation of their spectra. 

Where, however, there is only one line, as with Ia, Rb, &c., the 
presence of these metals in the sun’s reversing layer can, for the 
present, only be said to be probable. Neither must it be forgotten that 
in addition to the long lines which a spectrum may contain in the red, 
yellow, or orange, long lines may exist in the hitherto unexplored 
ultra-violet region, so that the necessity for waiting for further evi- 
dence before deciding finally upon the presence or absence of such 
metals in the sun will be rendered obvious. 

It will be thought remarkable that if the long lines of such metals 
as lithium and rubidium are found in the photographic region of the 
spectrum, the long lines (Li, W.L. 6705; Rb, W.L. 6205 and 6296), 
should have escaped detection. | 

To this it may be replied that, although these red lines may be appa- 
rently the brightest to the eye, it by no means follows they are the 
longest, since they are situated in a part of the spectrum which affects 
the visual organ more strongly than the photographic region does. It 
is possible also that the reasoning I have lately used in a-paper com- 
municated to the Society on the spectrum of calcium may be applied 
in these cases. | | 

Since a sensitized film is affected by some rays more strongly than 
by others in determining the lengths of lines from a photograph, it is 
not fair to compare together portions of the spectrum separated by 
too great an interval. 

Furthermore the fact of these red lines having been overlooked in 
the solar spectrum is not conclusive proof of their absence, inasmuch 
w this portion of the spectrum is both brighter and less refrangible, 
inda greater degree of dispersion would be necessary when prisms are 
‘mployed to render visible faint dark lines which are easily detected in 
the photographic region.* I hope to be able to make special search for 
these lines on some future occasion. 

For metals having long lines in the green a special search was 
itade. The long thallium line (W.L. 5349) was photographed, but 
00 distinct evidence of a corresponding solar line was obtained. 

Two long silver lines were found also, about W.L. 4018 and 4212, 


It is significant that there is a dark line near the position of the Li line both in 
gstrém and Kirchhoff’s maps not assigned to any metal. 


| | | | 
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but these lines, which are reversed, are of such great width that itis 
at present impossible to say whether they are coincident with lines in 
the solar spectrum. 
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| tisimportant to bear in mind that the lines recorded in the fore- 
going tables are in most cases the very longest visible in the photo- 

hic region of the respective spectra. In some cases they are 
tmited to the region 39-40, which I have more especially studied. So 
that the fact of their being reversed in the solar spectrum must be 
considered as the strongest evidence obtainable in favour of the exist- 
ence in the sun of the metals to which they belong, pending the com- 
plete investigation of their spectra. 

Where, however, there is only one line, as with J.i, Rb, &c., the 

of these metals in the sun’s reversing layer can, for the 
present, only be said to be probable. Neither must it be forgotten that 
in addition to the long lines which a spectrum may contain in the red, 
yellow, or orange, long lines may exist in the hitherto unexplored 
ultra-violet region, 80 that the necessity for waiting for further evi- 
dence before deciding finally upon the presence or absence of such 
metals in the sun will be rendered obvious. . 

It will be thought remarkable that if the long lines of such metals 
as lithium and rubidium are found in the photographic region of the 
spectrum, the long lines (Li, W.L. 6705; Rb, W.L. 6205 and 6296), 
should have escaped detection. 

To this it may be replied that, although these red lines may be appa- 
rently the brightest to the eye, it by no means follows they are the 
longest, since they are situated in a part of the spectrum which affects 
the visual organ more strongly than the photographic region does. It 
is possible also that the reasoning I have lately used in a paper com- 
municated to the Society on the spectrum of calcium may be applied 
| In these cases. | | 

Since a sensitized film is affected by some rays more strongly than 
by others, in determining the lengths of lines from a photograph, it is 
not fair to compare together portions of the spectrum separated by 
too great an interval. 

Farthermore the fact of these red lines having been overlooked in 
the solar spectrum is not conclusive proof of their absence, inasmuch 
as this portion of the spectrum is both brighter and less refrangible, 
andagreater degree of dispersion would be necessary when prisms are 
employed to render visible faint dark lines which are easily detected in 
the photographic region.* I hope to be able to make special search for 

ese lines on some future occasion. 

For metals having long lines in the green a special search was 
made, The long thallium line (W.L. 5349) was photographed, but 
no distinct, evidence of a corresponding solar line was obtained. 

Two long silver lines were found also, about W.L. 4018 and 4212, 


i. It is significant that there is a dark line near the position of the Li line both in 
"Angstrom and Kirchhoff’s maps not assigned to any metal. 
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284 | Mr. J. F. Bullar on 


| April 4, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President, in the Chair, 


th 
m: 
The Presents received were laid on the table, and thanks orden HR 4, 
for them. for 


Notice was given that, with a view to facilitate observation of the | 
Solar Eclipse of 29, the Pennsylvania Railroad Company wil 
convey observers, being private persons, from Philadelphia or New | 
York to Denver and back at reduced fares. 


The following Papers were read :— 


I. “On the Development of the Parasitic Isopoda.” By 
BULLAR, B.A., Trinity College, Cambridge. Communicate Bi 4, 
by Dr. MicHarL Foster, F.R.S., Prelector of Physiology 
Trinity College, Cambridge. Received March 14, 187% @% f 


(Abstract. ) 
The paper contains an account of some points in the development BM ;; 
of the Cymothoa ewstroides and C. parallela of Milne-Edwards. it 


The work was mainly carried on in the Zoological Station at Naples 
and the author takes this opportunity of returning his best thank” 3% ,, 
Dr. Dohrn and Dr. Kisig for the kind way in which they forwardel | 
his researches. | 
The eggs were prepared in the way described by Bobretsky mls | 
paper on the development of Oniscus murarius (“ Zeit. fir Wiss. Zo’ 
Bd. xxiv), namely, by heating them in water, and then hardenii 
them, first in bichromate of potash, and then in alcohol, beginning wit | 
70 cent. and gradually increasing the strength to absolute. Them | 
tions were stamed with Kleinenberg’s hematoxylin and mouniels 
Canada balsam. 
The eggs when first laid are surrounded by a single membrane. 
The earliest stages of segmentation were not observed; the firs 
described is that in which a circular patch of cells has appearel# | 
one pole of the egg. The cells are of considerable size and conta EE 
very large granular nuclei; in the centre of the patch they are pol: 
gonal, and more than one layer deep, but at the edges they at it 
tened and form a single layer. | &¢§ 
The blastoderm gradually spreads over the yolk, the cells on tt ae 


ii 
> 
4 
ij 


sf 


i618.) _the Development of the Parasitic Isopoda. 285 


| sesal surface being very thin and difficult to recognise, while on the 


opposite side they form a thickened patch (the future ventral wall of 
the embryo), which elongates, and soon shows traces of segmentation. 

The procephalic lobes appear first, the other segments are formed in 
order from before backwards. 

A second membrane is now formed round the egg. 

Theepiblast of the procephalic lobes soon becomes thickened, to form 
the cerebral ganglion. At the most anterior end there is a separate 
mass on each side, but in front of the mouth the thickening is con- 
tinnous right across; it extends backwards, along the median line, to 
form the ventral nerve-cords and ganglia. 

The mouth and, rather later, the anus appear as involutions of the 


Beneath the epiblast a second layer of scattered cells appears. 

The limbs arise as hollow protuberances of the epiblast, filled with 
cells from the lower layer. — 

On the dorsal surface a peculiar organ, homologous with the 
“micropyle apparatus” of the Amphipods, is developed. At a later 
stage it is situated in the first thoracic segment. It disappears before 
the adult form is reached. oe 

Just behind the mouth involution a solid mass of cells appears, 
from which the liver will be developed. 

The nervous system, which at first consisted of a continuous mass of 
epiblast cells, becomes differentiated into a cellular and a fibrous por- 
tin. The external layer of cells or epidermis is separated from it, and 
it becomes segmented so as to form a chain of separate ganglia. 

The epiblast covering the head is thickened at a certain point.on 
each side, and from these thickenings the eyes are developed. 

The solid masses of cells representing the liver become converted 
into three cecal tubes, on each side of the body, opening to the yolk, 
and quite distinct from both the fore and hind guts. 

The heart appears above the hind gut in the abdomen. | 

The hind gut grows forwards very rapidly, and comes nearly into 
contact with the fore gut. The liver ceca increase in size and become 
filled with oil-drops derived from the yolk. 

It is now possible to demonstrate, by dissection, that the yolk is 
surrounded by an exceedingly thin membrane, continuous with the 
walls of the liver ceca, and opening into the point of junction of the 
fore and hind guts. This membrane appears to contain nuclei. 

As development proceeds the yolk gradually disappears, and th 
nembrane surrounding it disappears also. : 
The whole of the alimentary canal of the adult is formed from the 
fore and hind guis. 

In the paper an attempt is made to prove the truth of the suggec- 


tion, originally put forward by Dr. Dobrn, that the yolk membrane is 
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the morphological representative of the mid gut, and thatthe lip: | 
really arises as a diverticulum from it. | ae 
Four varieties of embryos, taken from animals answering thy 
description of C. wstroides, are described ; but as it was found j 
sible to make out any differences in the adults, the question whethe 
these varieties represent distinct species or polymorphic formgig 
undecided, : 


II. “On the Determination of the Constants of the Cup Anemos 
meter by Experiments with a Whirling Machine” By 
the Rev. T. R. Ropinson, D.D., F.R.S., &c. Received March 
14, 1878. 


(Abstract. ) 


In his description of the cup anemometer (Transactions Bol 
Trish Academy, Vol. XXIT), Dr. Robinson inferred from experiments 
on a very limited scale with Robins’ whirling machine, that th 
ultimate ratio of the wind’s velocity to that of the cenire of the ap 
=3. Some recent experiments by M. Dohrandt show that this numbe 
is too great; but as some of the details appeared objectionable, ands 
they did not include all the necessary data for determining the om 
stants, the author was desirous of repeating them. He was enabledi 
do this by a liberal grant from the Royal Society, and the resulta a 
given in this paper. 

After describing the apparatus and the locality in which it wase® ; 
blished, he proceeds to explain the conditions of an anemometer’sactio. 
Considering only two opposite cups, and supposing them in mou, 
the pressure on the concave surface is as that surface and the squared 
the resultant of the wind’s velocity V and v, that of the anemomet, 
and as 4, the pressure of an unit V on the cup normal to the arm 

This is opposed, 1. By the pressure of a similar resultant on the 
convex surfaces, and a, another coefficient, also normal to the arm, bi : 
quite different from a; 2. By various resistances depending on *; at 
3. By the friction of the machine estimated at the centres df i 
cups. | 

a and dare functions of V, v, and @, the angle which the wind mai | 
with the arm, but it is impossible to determine them 4 prion inte 
present state of hydrodynamics. It is, however, obvious that if Vb 
copstant, the mean values of v, a, and @ through one revolution , 
soon also become constant, and as the mean impelling and resist 
forces balance each other, the condition of permanent motion 6 & | 
pressed by an equation of the form aV?—2fVv 


V?—22Vv—yu'—~ =0 (1), which, if the constants are 
a 
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Vinterms of vand F. Conversely, if we have a sufficient number of 


gales of V, and F, we can determine a, f, and y. 


{nfortunately, there is much difficulty in obtaining some of these 
yalnes. We cannot produce wind of known velocity, and must substi- 
inte for it the translation of the anemometer through the air with a 
known speed.* 

The most convenient mode of doing this which occurred to him was 
the attaching the anemometer to a whirling machine. In this case, 


| however, the rotation of the apparatus causes an air-vortex, whose 


motion must be subtracted from that of the arm to give what is 
assumed as the effective V. The means by which this vortex current 
was measured are described; they show that it is exceedingly irre. | 
gular, and that it is accompanied by a radial current still more dis- 
orderly. We get v with sufficient accuracy, bat it is otherwise with F. 
Ofthis there are four kinds acting in these experiments. 1. That due 
to the weight of the moving parts of the anemometer; 2. That caused 
by the action of a brake, intended to diminish v in respect of V; 3. 
That produced by the lateral pressure of its axle on its supports, pro- 
duced by the wind, &c.; and, 4. That due to the centrifugal force 


‘amsing from the circular track of the anemometer’s centre, which in 


the actual arrangement pressed the axle outwards. The modes of 
measuring these are described; but this part of the work proved far 
from satisfactory. The ground where the apparatus was established 
was affected by tremors from the action of machinery, which made 
all these frictions variable; and as he had the use of it for a very 
limited time, it was impossible to repeat the work with the precautions 
taught by experience. | | 

The constant a was determined by connecting a strong clock-spring 
with an arm of the anemometer and that of the whirling machine. 
When the whirl was rotated the anemometer tended the spring till its 
elastic force equalled the air’s pressure on the cups. Then a brake- 
fnetion was applied much beyond the power of the spring, which 
kept the anemometer in its place; V was determined, and the tension 


given by a graduated circle fixed on the axle. Then ox, 
Vy? 


| These measures showed that equation (1) contained no notable term 


*In 1845 it occurred to Dr. Robinson to carry an anemometer on a railway, for 


- Which fall opportunity was offered by a valued friend, Mr. Bergin, then Secretary 


«the Dublin and Kingstown Railway. He gave it up after carefully considering the 
disturbing influences and the precautions that were required. The space to be 
Waversed should have no curves; should be perfectly unenclosed ; should not be 
very long; and at each end of it an anemometer should be established to keep 
— of any wind. The experimental instrument should be 20 or 30 feet before 
ie engine, s0 as to be clear of the air which it drives before it, and should be carried 
by a platform 80 formed as to present little resistance, and 10 or 12 feet above it. 
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of V except the square; secondly, that with cups of a given gigg,) | 
not changed by varying the arms from 24 to 12; and, thirdly, that 
it is as the area of the cups. oe 
Five instruments were used. No. I, cups 9 inches, arms 24, like thy | 
Kew ones; No. II, cups 4 inches, arms 24; No. ITI, cups 9 inches, army 
12; No. IV, cups 4 inches, arms 12; No. V, cups semi-cylinders, 9 inchy 
by 9. The results with these are given in tables which show 
with V, v, and W the vortex current, the frictions 1, 2, and 4, the air, 


_ density, and = =m. This last is seen to differ in each anemometer, and 
v ‘ 


to be variable in each, ranging from 21°58 to 2°32. It ineresgy) 
with F and decreases as v increases in such # manner as shows thatit 
will remain finite even when v is quasi-infinite. em 
: Putting (I) in the form or (II) =a—26t 
Vv? V Vv? 7 
and treating those for each instrument by minimum squares, he go | 
values for a, 8, and y, which, however, were unsatisfactory. | 
Dividing the 40 belonging to No. III into three groups, in the first of 
which are all whose v<_5, in the second those from 5 to 9, im the third 
those >9, each gave discordant values for the constants. Those ofs 
least so, those of y most; the latter, indeed, rambled so much that m | 
reliance could be placed on them. The matter was not mended by | 
combining the entire. Thinking this discordancy might arise from | 
equ. (I) containing a term 6v, he tried this, but with a result so mach | 
worse that such a term, if it exist, can have no sensible influence. Th | 
results for the other instruments were similar. In fact, the methoda | 
minimum squares applies very imperfectly to a case like this, where | 
the coefficients of the unknown quantities and the absolute terms a 
themselves affected with errors. Besides this, in the final equationsd 
this process the coefficients of y and 8 are so much less than thos | 
a that they, especially , must be less accurately determined. It isa” 
to be noted that these constants may be changed within certain limit | 
and still satisfy the equations approximately. _ a 
It was, however, suggested to him by Professor Stokes that, # 


| equ. (II) has only two variables, 7 and &, it could be plotted ms 


plane surface, and this gave valuable information. The plottings for 
the five instruments are given, and show distinctly both the general | 
agreement of (I) with the observations and the cause of the d | 
cordances. | 

Though in all the dots are much scattered, yet through a large P* 
tion of each the general direction is a right line with (in some caste) 
a barely perceptible downward curvature. : 

Since the curvature is nearly as y this last must be very small, and : 
assuming it=(, the equation aV’—28Vv—F=0 will be 
accurate. Towards the vertex of the curves (where ¥ is small) the 
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dois are so straggling that nothing can be made of them. In No. II, and 
still more in No. IV, they show that the frictions were considerably 


| gstray. Guided by these indications, and assuming for a nine-tenths 


of his measures of that constant, he deduced for Nos. I and III values 
of Band yso nearly equal as to make it probable that their means 
would satisfy both. This would give e=1°1282; 2’?+y=2=1°340. 


The positive root of (I) gives {2+ 


Computing V from this, we find AV=obs.—calc., of which tables 
are given for the five anemometers. As might be expected from the 
ings, they are not very close, but show no systematic deviation 
from the law denoted by (I). So it may be assumed exact for all 
practical purposes through a range of V from 5 to 42 miles, and of F 
from 113 to 3277 grains. For No. III the probable error=+0°45. In 
both the errors are less on the hypothesis y=0. In No. II these mean 
constants fail, but others deduced for it represent the series, though 
not so well as in the preceding; here also y=0 is not inferior. In 
No. IV the frictions seem to have been deranged so much that the entire 
series cannot be well represented by any constants. Circumstances 
detailed in the paper account for this. No. V, cylinder cups, is the. 
best of all. If, as seems probable, z and z are the same for all hemi- 
spherical anemometers, the difference between their indications will 


| depend solely on = , and using the values given above, the limiting 


value of m=2-286, instead of 3. Though if these experiments were 
repeated with Dr. Robinson’s present experience, and in an undisturbed 
locality, better results might be obtained, yet the errors of the vortex 


| Current would still cause uncertainty ; and he intends to try another 


plan. 

The anemometer No. I, with its apparatus duly altered, is now 
erected on the roof of the dwelling-house 22 feet from the Kew one 
also there, to which it is exactly similar. Denoting the latter as S (the 


Standard one), the other, E, is to be loaded witha brake friction, which 


will make its v less than thatof S; when this has gone on long enough 
to ensure that an equal amount of wind has passed each instrument, a 
larger brake friction is applied to E. We shall thus have three equa- 
tions (1), but four unknown quantities, a, z, V, y. a, however, is 
certainly known nearly by the measures already made. F also can 
now be measured with far greater precision. The chief difficulty 
to be feared is the unsteadiness of the wind during each experi- 
ment; but as the time of each revolution of the two anemometers is 
recorded on the chronograph, it will be possible to eliminate this ele- 


ment of doubt by selecting those times which have a given ratio. 
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III. “On the Action of Ozone on Nuclei.” By CHARLES Tow | 


-LINSON, F.R.S. Received March 14, 1878, 


After the reading of my paper on the 21st ultimo, Professor Stok : 
was so good as to suggest that some of my experiments should ber. | 
peated with ozone, prepared by the action of a coil, instead of that of | 


phosphorus. 


Professor Guthrie was so kind as to furnish me with a couple of 
bottles of ozone, prepared by sending oxygen slowly through Wilks 


generator in connexion with an induction coil. 


The ozone was used soon after it was prepared, and in the following 


manner :-— 


Oil of cajuput was distilled, and the fresh distillate was found tole 
inactive on a supersaturated solution of sodic sulphate (3 tol), © 
although it was repeatedly shaken up with the solution. The new). 
distilled oil was poured into one of the bottles of ozone, and shaken wp — 


with it, and then left for about fifteen minutes. It was dropped into 
nine flasks of the solution just named, and was active in all. In some 


of the flasks the solution became solid as soon as the ozonised all : 
reached the surface; in others, immediately on shaking the flask, or | 


after a short interval of repose; while, in a third set, after adding the 


oil, the axis of the flask being brought into a nearly horizontal position, © 
the flask was made to revolve slowly, when the solution solidified | 


against the side, so as to form a kind of lining to it. 


On the 12th March the wind was N.E., and the ozone in the air was 
very active on test paper. A paraffin oil of high boiling point ws - 
distilled, and specimens of the fresh distillate were powerfully active | 
on a solution of sodic sulphate (2 to 1). A similar oil distilled durmg | 


a S. or W. wind, as noticed in a former note, was inactive. 


To a solution of sodic sulphate (3 to 1), containing oil of cajuputin | 
an inactive condition, a solution of hydric peroxide was added, but | 
had no effect in rendering the oil active. The flask was shaken 
every day during a week, and the only effect was to liberate bubblesa | 
gas. On adding to this flask a drop or two of the ozonised oil, th 


solution immediately became solid. _ 


(23rd March.) The inactive distillates of cajuput and parafiin ol | 
shaken up several times during about half-an-hour with pure oxyg@ | 
gas, became active. Test papers, suspended in the bottles, showed t | 
presence of ozone. Washed castor oil, similarly treated, remained I | 
active; but shaken up with ozone, and left in contact with it for some | 


hours, became active. 


I repeated the experiment, described in a former note, on thea’ § 


tivity of charcoal, on which Pellogio founds his theory of absorption: 


Pieces of box-wood, buried in sand, were heated in a crucible during | 
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ne hours, When cold, and just taken out of the sand, they were 


found to be inactive (except that they liberated a portion of the modi- 
tod galt after the manner of the inactive essential oils); but by 
to the outer air (wind N.E.) they became active in about ten 
minutes. Cocoa-nut shell charcoal requires a longer exposure to become 
_ oi the activity of charcoal does not depend on absorption, but 
on the condition of the air contained within its pores. 


IV. “Notes on Physical Geology.” By the Rev. SAMUEL 
Haveuton, M.D. Dublin, D.C.L., Oxon, F.R.S., Professor of 
Geology in the University of Dublin. 


April 11, 1878. 
Dr. W. FARR, Vice-President, in the Chair. 


The Presents received were laid on the table and thanks ordered for © 
them. 


Dr. William Carmichael McIntosh was admitted into the Society. 
The following Papers were read :— ; 


“The Acceleration of Oxidation caused by the Least Re- 
frangible End of the Spectrum.” By Captain ABNEY, R.E., 
F.R.S. Received March 16, 1878. 


Preliminary Note. 


Ina paper contributed to the Philosophical Magazine in January last, 
T expressed an opinion that Chastaing’s idea regarding an acceleration 
of oxidation being caused by red light might prove true in regard to the 
oxidation of the photographic image, and elsewhere* that Becquerel’s 
coloured spectra and Draper’s reversed spectra might be explained on 
the same principles. Owing to want of time until this last week, I 
have been unable to investigate the matter, but can now affirm that 
such is the case as regards oxidation of the photographic image. 

Silver bromide, free from contamination, emulsified in collodion, 


wtih had been previously carefully purified, was spread on a plate, 


* “Treatise on Photography.” Longmans. Page 225. 
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and exposed to diffused light. It was then submitted to the action ¢ 
the solar spectrum, while immersed in a solution of potassium perm, | 
ganate, or hydroxyl. When the strength of the permanganate » 
hydroxyl, was correct a reversed image of the least refrangible end of 
the spectrum was obtained, an increase in oxidation taking place whe, | 
the red rays acted, the reversal taking place somewhere near D, extend. 
ing into the ultra-red. 
The accelerating effect of the red rays is most marked when the 
solution of permanganate or hydroxyl is weak ; but there is a limit 
the dilution, caused by the fact that silver bromide is sensitive ag fg: 
as the line a, and there must be sufficient strength to oxidise the 
invisible image as it is formed, besides gradually destroying the effecy — 
of the preliminary exposure. With silver iodide this is not the case 
the reversed action is much more readily obtained. The strength of 
hydroxyl solution I employed I cannot state. That of permanganate 
was as follows :— | 
1 grain of potassium permanganate was dissolved in 200 2.0 
water. 
When the dilution was doubled the reducing action of the red rayson | 
the bromide film was greater than its power of oxidation. A collimator 
18 inches long, a prism of 2-inch side, aslit 4, inch wide, and a camen 
witb lens of 2-feet focus, were employed for throwing the spectrum — 
the plate. The exposure was five minutes, sunlight feeble ; prelimmary. | 
_ exposure four seconds in the diffused light of my laboratory. A spec. © 
' men accompanies this paper. Some interesting experiments in a 
atmosphere free from oxygen are being undertaken. . 


(Addendum.) Received April 5, 1878. 


Since making my communication, which was received by the Royal 
Society on the 16th March last, I have employed films which were sé 
sitive to the reducing action of the red rays to a wave-length of abot | 
10,000 tenth-metres, and by modifying the strength of the oxidising 
solution, the acceleration of oxidation by the red rays and ultrarel | 
rays has been more strongly confirmed. The oxidation on all the films 
is effected by potassium bichromate, nitric acid, and ozone, in addition ” 
to the agents I have already given. 

Had not the sensitive film employed been capable of being redv 
by the action of the red rays and ultra-red rays, the proof of the | 
acceleration of oxidation by the same rays might perhaps have beet 
open to dispute. 
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I, “Summary of an Experimental Inquiry into the Function of 
iration at Various Altitudes.” By Marcer, 
MD., F.R.S. Received March 19, 1878. 


These experiments were mainly undertaken with the view of in- 
quiring into the state of the respiration of tourists at various altitudes, 
and under the different circumstances met with on Alpine excursions. 
Iwas engaged with the present work in the last three summers; the 
stations selected being :— | 

1. A village named Yvoire near the Lake of Geneva, altitude 1,230 
feet. 
9, The Hospice of the Great St. Bernard, 8,115 feet. 

8. The Riffel Hotel, Zermatt, 8,428 feet. 

4, The St. Theodule Hut, 10,899 feet. 

5. The summit of the Breithorn, 13,685 feet. 

An interesting paper on the physiological influence of the fall of 
atmospheric pressure by A. Mermod appeared in ‘‘ The Bulletin de la 
Société Vaudoise des Sciences Naturelles ’”’ for September, 1877. After 
making a series of observations on the pulse, rate of breathing and 
temperature of the body at several, though but moderate altitudes, he — 
selects Strasburg, 124 metres, and a place called Ste. Croix, 1,100 
metres, for his experiments on respiration. He made 35 experiments 


a Strasburg, and 32 at Ste. Croix, the temperature of the air being 


much the same at both places while occupied with the inquiry. He 
states, in conclusion, that the absolute and relative quantity of carbonic 


aid exhaled from the lungs increases by a change of residence to. 
higher altitudes, while the rate of respiration (frequence respiratoire) 


remains always the same, and there is a diminution in the weight of 
the air breathed. | | | 

My results are similar to those obtained by Mr. Mermod, the only 
pont on which we may differ referring to the rate of breathing. My 
case, however, is slightly different from that of the former experi- 
mentalist ; he resided two or three months at his stations, while, with 
the exception of Yvoire, where I spend two or three months every 
summer, 1 merely remained at mine long enough to make my experi- 


_M™ents. I ascended the Breithorn with my instruments ou three 


t occasions; the second time my stay on the summit lasted five 
hours fifty-one minutes, and the third time also between five and six 
hours, I was engaged with the experiments at the St. Theodule Pass 
during eight days in succession in 1875, and returned there last 
‘ummer for three days to complete the inquiry, one of those days 
being taken up with the ascent of the Breithorn with my instruments. 
rn * Inquiry was carried on for three days at the St. Bernard, and for 

* same length of time at the Riffel. 
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My experiments amount to one hundred and eleven in number, 
relate to the quantity of carbonic acid expired, the volume of the air 
exhaled, and the number of expirations observed within a given time 

With respect to the estimation of carbonic acid, the principle of 
Pettenkofer’s method was adopted; but the mode of applying it wa 
somewhat altered in order to suit my requirements. The air toh 
analysed being first expired into a bag made of strong india-rubber 
material, was afterwards drawn into a long glass tube of a know 
capacity. The tubes used in these experiments held about one and, — 
half litre. The tube, fastened upright to a tripod and closed with 
india-rubber stoppers, was first filled with a nearly saturated solution of 
salt water ;* the bag being then connected with the tube through the 
stopper at the upper end, the salt water was let out at the lower part, 
| _ thus aspiring the air from the bag into the tube. The capacity of the 
q tube being known, it became filled with a measured bulk of air tobe 
y | analysed. The air in the bag had been allowed to cool till its ten. 
q perature had become the same as that of the salt: water in the tube, 90 
that the temperature of the air in the tube and in the bag was alike, 
A small pear-shaped vulcanised india-rubber bag, of a capacity of about. | 
q 100 cub. centims. and emptied of its air, was now substituted for the 
_ large india-rubber bag, and a pipette holding 100 cub. centims. of the 
— normal solution of barium, and which had been run through the upper 
- india-rubber stopper, was now opened by turning a stopcock. The 
- fluid then feil into the tube, the air thereby displaced being collected 
| q in the small india-rubber bag which acted as a diverticulum. A stop. 

| cock in the tube connected with this diverticulum being next closed, 
the large analysis-tube or cylinder was removed from the tripod and its 
contents driven from one end to the other repeatedly in order | 

hd effect the combination of the carbonic acid; the tube was then returnel | 
7 . to the tripod, and the air in the diverticulum forced into it by 

Po pressure with the fingers, when the stopcock was again closed tole | 
followed by fresh agitation. The milky fluid was now drawn intos 
| small bottle holding about 100 cub. centims., which was well corked, | 
gf and the solution was subsequently analysed with one of oxalic sal 
of known strength. With but few exceptions the clear find 
 &§ drawn out of the bottle for analysis with a pipette, as I was led, in the ) 
; course of this inquiry, to object to filtration. The above description 8 
necessarily much condensed and shortened, but the drawing 
accompanies the present’summary will explain at one glance the fom 
of apparatus I employed. | 

The air was breathed into the bag through a well-fitting 0 i-nasal 
_ mask from which two tubes projected, each tube being supplied with 
a. a valve carefully made by Mr. Coxeter, of Grafton Street. The valves 


* The object of salt water was to avoid the absorption of carbonic acid. I fount 
however, in the course of the inquiry, that distilled water could safely be used. 
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were s0 constructed as to let in the external air for the inspiration, and 
transmit the inspired air to the bag. 
There was much more difficulty than I had anticipated in determin- 
ing the capacity of the bags used for collecting the air expired. This 
was done by filling the bag with a bellows under a certain pressure, 
and then measuring the hulk of air by means of a water aspirator, the 
amount of water necessary for aspiring out the whole of the air being 
carefully measured ; the capacity of each bag was thus ascertained a 
number of times, the probable approximate error being finally esti- 
mated at half a litre. Two of the bags mostly used in last summer’s’ 
experiments had been found to contain 39°3 litres of air each under a 
of one inch of water, another held 46°5 litres of air under 


inch of water. Other bags about the same size were employed, 


and one still larger was used on a few occasions. 

The use of india-rubber bags, although made of strong material, 
appeared to me at first open to a great objection from the known 
diffusibility of carbonic acid through caoutchouc, as shown by Thomas 
Graham ;* but in the course of the present inquiry I satisfied myself 
that no appreciable loss, at all events, no loss serious enough to impair 
my results, occurred through the bag in the course of an hour, and as 
much as three-quarters of an hour seldom elapsed between the filling 
of the bag and the introduction of the air into the analysis-tube. 
The experiments were made either sitting, or walking on level ground, - 
or walking up hill; most of them were made sitting. They were 
always conducted in the open air, and no smoking was allowed near 
the spot while the bag was being filled. The posture selected was 


_ assumed a few moments before the experiment was commenced, 
80 as to bring the body under the proper physiological condition. 


The experiments in the sitting posture were conducted in the 
following way :—I first placed the empty bag in a woollen jacket to 
Preserve the temperature of the air expired and allow of its being 
taken, then the bag was connected through a neck and india-rubber 
tube with a water gauge fastened to a post, and a thermometer was 
slipped into the bag through another neck. An assistant, and my 
guide while in the mountains acted as such in a most commendable 
and intelligent way, stood ready by me with a stop-watch registering 
the minutes and seconds, and at a preconcerted signal set the watch 
mm motion.t At the same time I began expiring into the bag, holding 


the mask to the face with my hand. When the bag was full, and the 


water in the gauge up to a certain mark, the timepiece was stopped. 
Thus, the time to expire a certain volume of air was determined. The 
temperature of the air inside the bag was then read off, and the jacket 


removed from the bag, the latter being next agitated in the air or 


* “Phil. Trans.,” 1866. 
+ I frequently attended myself to the watch. 


| 
| 
¢ 


296 Dr. W. Marcet on (Ape: 


sprinkled over with water or snow till the air it contained had fally 
to that of the salt water in the analysis-tube. An assistant hold; 
up the bag I connected it with the tube, into which the air wag dray; 
by letting out the water from the tube into a bottle. © 
When the experiments were made walking the jacket was 

dispensed with; no account was taken of the carbonic acid in th 
atmosphere, as I invariably experimented in the open air with the viey 
of obtaining results to be considered comparatively with each other, 
It is true that M. Truchot * has shown that the proportion of carbonic 
acid in the atmosphere diminishes as the altitude increases; the 
difference, however, with respect to the volume of air breathed is g 
small as to introduce no substantial error in my inquiry. The tem 
perature of the air in the bag immediately after it had been filled, and 
having its jacket on, was higher than that same air when submitted 
to analysis. When the difference amounted to more than one or two 
degrees Fahrenheit, which was nearly always the case, a correction was 
introduced into the calculation. | 


or 


st 


Results. 


The influence of food in increasing the amount of carbonic acid 
expired is well known. This is clearly shown on the present occasion 
by placing in a tabular form the quantity of carbonic acid expired (m 
grammes and grains) at successive hours after a meal. The tablem © 
fall being too voluminous for the present abstract, I append the means 
only :-— 


eso coe ast or 


Mean Weight of Carbonic Acid expired per Minute. 


Mean 
tempe- | Low altitude 


Time after a Mean of high 


Number of 


Number of 
ex periment 
experiment. 


altitudes | 
meal. rature 1,230 feet. 
x 
CO, CO, : 


grms. grs. grms. Fs. 
From 0 to 1 hr. | 0°478 — | 5 | 45°7 F.|| 0-434 — 6697 | 6 
» 1to2hrs. | 0-455 — 7-021 | 10 | 48°1 || 0-447 — 6898 | 4 
» 2to3 hrs. | 0-436 — 6728 | 11 | 46°9 0-413 — 6°373 | 11 | 57°0 
3to4hrs..| 0-440 —6790| 5 | || 0-392 — 6049 | 6 
4to6 hrs. | 0-431 — 6651 | 8 | 46°2 || 0396—G6111| 4 
+ 


In the experiments made on the mountains at various elevations, 


* Compte-rendus de |’ Académie, vol. lxxvii, 1873. 

+ It is interesting to observe that the relation between the highest and lowes : 
means of the high altitudes and low altitude respectively is nearly the seme, ™ 
7°376 : 6651=6°697 : 6:°039; the lowest means found for the low altitude ws 
6°049. 
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the mean altitude of which was 10,292 feet, the maximum carbonic 
scid expired is during the first hour after a meal, and the minimum 
trom four to six hours after eating. There is a slight rise during the 
forth hour after a meal, by 4 mgms. only, probably due to a cause 
independent of food. | 

At the low station, 1,230 feet: above the sea, the maximum carbonic 
acid is expired the second hour after a meal. There is a slight rise also 
by 4 mgms. between the fourth and sixth hour after a meal, probably 
owing likewise to some cause independent of food. 

The whole of my experiments are not included in the means of this 
table, as many of them bore no record of the time they were made at, 
with reference to the last meal taken. I must also add, that the tem- 
perature was only noted occasionally during the day while the experi- 
ments were being made, and not at each experiment, as there was 
frequently no marked change of temperature between one experiment 
and another. 

I only wish to draw general conclusions from this table, which cer- 
tainly shows that the ingestion of food increases temporarily the 
amount of carbonic acid expired, a fact which has been fully proved by 
the experiments of Edward Smith ;* I find that the greatest quantity 
of carbonic acid is expired during the first or second hour after a meal, 
according to E. Smith this occurs in from one and a-half to two and 
hours after a meal. 

In order to neutralize the influence of food, my experiments were 
made at all times of the day between breakfast and a late dinner, with 
but two exceptions which only reduce the means by 2 mgms. for the 
carbonic acid expired at one station, and 4 mgms. at the other. Hence. 
it cannot be considered, in my estimation of the influence of altitude 
on respiration, that the food taken exerted any marked influence. I 
must add, however, that I took, on the whole, less food at the two 
highest stations—the St. Theodule Pass and Breithorn—than at the 
other places. | 

The following table shows the mean results obtained from the experi- 
ments made at the five different stations in the sitting posture :— 


* © Phil. Trans.,” 1859. 
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Influence of Temperature at the various Stations on the amount of 
Carbonic Acid expired. 


The stations at which a sufficient number of experiments were made 


to allow of an approximate estimation of the influence of the tempera- 


ture of the air on the amount of carbonic acid expired, were Yvoire, 
the Riffel, and St. Theodule. I have grouped the temperatures and 
amounts of carbonic acid expired, as will be seen in the following 
table; the experiments they refer to are quite irrespective of the time 
at which they have been made after a meal. 


Stati Mean CO, Number of 
ons. _ temperature. expired. | experiments. 
51°°5 F. 0°416 grm. 15 
0°406 ” 15 
“7 0°491 ” 10 
The Riffel 0-418 ,, 
‘1 |} 0°458 
St. Theodule 0-439 


In this table, it will be observed that at every altitude there is an 
increase of carbonic acid expired as the temperature falls, which 
is especially great at the Riffel. This circumstance observed at the 
Riffel may be clearly traced to the weather, which was bad during one 
of the days I was engaged with my experiments there last summer. 
While sitting out-of doors breathing quietly into my bag the rain was 
falling heavily, accompanied by a cold, piercing wind. 


United influence of Temperature and Altitude on the Carbonic Acid 
expired. 

If we now turn our attention to the united influence of temperature 

and altitude on the amount of carbonic acid expired, the following table 

wiltthrow some light on the subject by showing the difference of mean 


lmperature, carbonic acid expired, and altitude, between Yvoire and 
the four other stations :— 


Yvoire, 1,230 feet. 
_ Difference Difference in CO, Difference in 
in temperature. expired. altitu le. 
St. Bernard — + 0°046 grm. 6,885 feet 
Riffel 5°°4, + 0°036 7,198 
St. Theodule 18°°6 + 0.032 9,669 
Breithorn. = 22° 9 + 0°073 ”? 12,455 


* At St. Theodule, the temperature was comparatively low in the shade where my 


~“mnometer was placed ; but many experiments were made in the sun, and, more- 
VOL. x 
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The sign — before the figures, showing differences of temperjan | 


means that those temperatures are by so much lower than theme Mth 
temperature at Yvoire; while the sign + in the next column may MM vi 
that the corresponding figures are by so much in excess of those shoy. Th 
ing the amount of carbonic acid expired at Yvoire. An inspection gt in 
this table shows that there is a marked excess of carbonic acid exp} ty 
at every one of the high stations over the amount expired at Yvoin, Mm of 
and, moreover, that this excess for the summit of the Breithornis mo, MM of 
than twice that registered for the St. Theodule; just double that fo Hi lov 
the Riffel, and not quite twice that for the St. Bernard. , sta 


It is difficult to conclude that this very great proportional exes vil 
of carbonic acid exhaled at the Breithorn is due entirely to the cold ar act 
met with at that station; and there is, to say the least, a strong pr. cal 
sumption of the existence of another cause to account for the form. sta 
tion of more carbonic acid in the body at increasing altitudes, 4 | 
further consideration of this point will lead to the conclusion that the ths 
evaporation from the skin and lungs increasing as the atmosphere MR th 
' pressure falls on rising above the sea, a certain degree of colds MM of: 
thereby produced. Its effect becomes added to the influence of th Hi ho 
fall of atmospheric temperature met with as a rule during the progres Hi bre 
uf mountain ascents; to be only resisted by the body by additionl Hy wa 
- combustion, attended with an increased production of carbone aad. tio 
In Mr. Mermod’s experiments, the temperature of the air was te Hi an 
wame at his two stations, and the cold from increased evaporation #% Th 
,vcounts apparently for the excess of carbonic acid expired at hs Hj an 
highest station. alt 

I have therefore come to the conclusion that there is an increased i ha 
carbonic acid expired as a person rises above the sea on a mountun #m i. 
excursion, and that this phenomenon is due to two causes—first, thefll Gi be 
of the atmospheric temperature (this is shown as a fact), and second, a ag 

the cold produced by increased evaporation from the body, dno tote the 
diminished pressure of the atmosphere, this last conclusion being dm . 
as an inference. In short, more carbonic acid is formed in the body Hy sv 
counterbalance the influence of cold from the two circumstance 
stated. If on ascending to a higher level we should find thesm ay % 
atmospheric temperature as we left at the lower station, still a 
creased amount of carbonic acid will be expected on account of the 
cold due to the greater cutaneous and pulmonary evaporation. | 
As to the volume of air breathed at different altitudes, it 18 remath- 
able that, although under barometric pressures very different from 
each other, and consequently with ever-changing bylks of air actualy 
inhaled, still when these volumes of air are reduced to that thy ay 
would occupy at the sea-side and at the freezing temperature, We 


over, I took less food there than at the lower stations. ‘These cireumstans@P | wa 
bably account for the unexpectedly low excess of carbonic acid exhaled at that pit : 
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| them nearly but not quite the same. An increase in the amount of 
“warbonic acid evolved at places increasing in altitude was attended 
with an actual decrease of the volume of air expired also reduced. 
this result again agrees with that obtained by Mr. Mermod. It applies 
in my case to greater altitudes, attended with differences of tempera- 
“tures at the various stations; while, as already stated, the temperature 
‘of the air was the same at Mr. Mermod’s two stations. As the amount 
of carbonic acid expired is more at the higher stations than at the 
‘Jowest, and the volume of air breathed (reduced) less at. the higher 
stations, it must follow that the proportion of carbonic acid expired 
wil be greater at the higher than at the lowest station; we find 
accordingly that the mean for the high stations yields 4°9 per cent. of 
carbonic acid in the air expired, while the experiments at the lowest 
station give 4°1 per cent. 
| From observations made with and without the face-piece, it follows 
) that I breathed into the open air slower, and apparently deeper, 
} through the mask than without it. This accounts for the small number 
} of expirations I noted per minute in all my experiments. Relatively, 
} however, the results obtained on this point may be accepted, as the 
| Me breathing was carried on always in the same way while sitting and 
| @ vwakingrespectively. We find an increase in the frequency of respira- 
tion from an altitude of 8,115 feet to that of 13,685 feet, but hardly 
i 


any such increase between the altitudes of 1,230 feet and 8,115 feet. — 
This greater number of respirations per minute between the St. Bernard 
and Breithorn was not observed to progress proportionally with rising 
me ilttudes from 8,115 feet, as will be seen in the table, and there must 
{ @ have been some other cause besides increased elevation to account for 
me i. Mr. Mermod found no difference in the frequency of respiration 
between 466 feet and 3,609 feet; and here, again, for low stations I 
) me “sree with him ; but I cannot follow him in concluding that, therefore, 
t @® ‘he phenomenon is not altered at greater altitudes. | 
The volume of air reduced, exhaled per respiration, varied at the 
i Me ‘veral stations, but followed no regular change relatively to altitude ; 
sm ranged from 510 cub. centims. at St. Theodule, to 760 cub. centims. 
tithe St. Bernard. 


Experiments made while walking on Level Ground, or ascending. 


In every one of these experiments I walked for a short time, say 
two or three minutes, or longer, before commencing to collect the air 
"pred. They. are fewer in number than those made sitting, and less 
‘ahsfactory, as it is impossible to depend upon the degree of muscular 


*xertion being the same in comparative experiments while in the act of 
Walking or climbing. 
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Weight | Volume mines Per 
of CO, | of air |CO,toC0, cent. | No.of 


Station. Occupation. expired | expired | expired 00, er 
per per | sitting at | per: 
minute. | minute. | station. ment. 


Yvoire ....-. Walking level ......| 2°249 | 25°84 | 5°42tol | 44 
pel (| Walking level ......| 2°457 | 2477 | 535tol | 60 | 
Walking up rapidly a 
St. Bernard overrocks and grass 
patches .. 3°156 | 32°45 | 686 tol 
Walking up leisurely ' 27120 | 19°72 | 482tol | Be 
Walking level . 1919 | 22°06 | 432tol | #64 
St. Theodule< | Ascending rapidly 
steep slope ......| 2°972 | 2497 | 669tol | 
Breithorn ....| Walking level . 1°886 | 19°48 | 3°87 tol | 50 


cr 


The results have been in a tabular form, 
show that while walking on level ground, when a certain sil 
reached, there.is a decided fall in the amount of both the carbonie ac 
and air expired. Yvoire and the St. Bernard gave nearly dimmm 
results; but when the height of the St. Theodule Pass was aummel 
(10,899 feet), there was a reduction in the expiration of cariamesal 
while walking on level ground from 2°249 grms. at Yvoire, ames 


at the St. Bernard, to 1°919 grms:; on the summit of the Baan | 


there was a further fall of carbonic acid expired to 1-886 grmmumale 
the volume of air expired per minute was reduced from 2@ga 


to 19:3 litres; but the experiments are not numerous enough toalov 


of any but very general results. The same remark appligagm # | 
experiments made walking up hill. They certainly show, mam 
that walking up rapidly over rocks and grass patches at oF Mame 
elevation of the St. Bernard, yield most carbonic acid, the snout | 
being as much as 3°156 grms. per minute at the St. Bernard, which ) 
was attended with the inhalation of the largest volume of ait Gi 
Ascending quickly at the height of St. Theodule caused a comma | 
elimination of carbonic acid through the lungs, amounting. to 247 | 
grms. On the other hand, walking leisurely up hill at the S& Be: 
gave rise to the production of no more carbonic acid than quick wal 
ing on the level ground at that same station; indeed, the 5 a 
a trifle less. 
- These experiments, therefore, give an idea of the extreme’ | 
of carbonic acid expired at various altitudes under moderate and gre ) 
muscular exertion, and appear to show that at great elevations @ | 
as that of the summit of the Breithorn, and perhaps lower, the! 
less able to take in a sufficient amount of air for the supply of carbs 


* Appears rather high. 
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sid necessary to long-continued exertion, which supply becomes 
thereby reduced in quantity. 


EXPLANATION OF THE FIGURE. 


bis A. India-rubber bag acting as a diverticulum. 
B. Pipette delivering 100 c.c. of the barium solution. 
C. Tube for the analysis of the air expired, tare. 
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Appendix. Received April 2. 
Boa relative humidity of the atmosphere should fall at increasing 
des this might be considered as an edtiticnal cause of loss of heat 
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the body must experience during Alpine ascensions. Professor Plans, 


mour, of Geneva,* from observations made at Geneva and the Gry 
St. Bernard, concludes that there is no marked difference between th 


hygrometric states at various altitudes. According, however, to Dr 


Lombard, who has considerable knowledge and experience of climate 


the air appears to be, as a rule, much drier above 1,500 metres than | 


below that altitude. 


III. “On Stresses in Rarefied Gases arising from Inequalities of 
Temperature.” By J. CLERK MAXWELL, F.R.S., Profesor 
of Experimental Physics in the University of Cambridge 
Received March 19, 1878. 


(Abstract. ) 


1. In this paper I have followed the method given in my paper “(n | 


the Dynamical Theory of Gases” (Phil. Trans., 1867, p. 49). ‘I hm 
shown that when inequalities of temperature exist in a gas, the pre- 
sure at @ given point is not the same in all directions, and that the 


difference between the maximum and the minimum pressure at&poit 


may be of considerable magnitude when the density of the gas is emul 


enough, and when the inequalities of temperature are prodneed by 


small solid bodies at a higher or lower temperature than the ‘est! 
containing the gas. 


2. The nature of this stress may be thus defined : let the distane | 
from the given point, measured in a given direction, be denoted by | 


h, and the absolute temperature by @; then the space-variation af the 


| ee for a point moving along this line will be denoted y 
A and the space-variation of this quantity along the game line by 


od There is in general a particular direction of the line h, for wii 
PO . 


dh? 


which it is a maximum-minimum. These three directions am mM" | 


angles to each other, and are the axes of principal stress at the gi 


point; and the part of the stress arising from inequalities of temper 


ture is in each of these principal axes a pressure equal to— 
| 
po 


where p is the coefficient of viscosity, p the density, and @ the is : 


temperature. 


3. Now, for dry air at 15° C., x in centimetre 


* Lombard. “Climat des Montagnes,” 1873. 
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second measure, and er 0°315, where p is the pressure, the unit 


of pressure being one dyne per square centimetre, or nearly one- 
millionth part of an atmosphere. 

If a sphere of one centimetre in diameter is T degrees centigrade _ 
hotter than the air at a distance from it, then, when the flow of heat 
hasbecome steady, the temperature at a distance of r centimetres will be 

ao T | 
b= and 
Hence, at a distance of one centimetre from the centre of the sphere, 
the pressure in the direction of the radius arising from inequality of 
temperature will be 


; 0-315 dynes per square centimetre. 


4. In Mr. Crookes’ experiments the pressure, p, was often so small | 
that this stress would be capable, if it existed alone, of producing 
rapid motion in small masses. 7 | 

Indeed, if we were to consider only the normal part of the stress 
exerted on solid bodies immersed in the gas, most of the phenomena 
observed by Mr. Crookes could be readily explained. 

5. Let us take the case of two small bodies symmetrical with respect 
to the axis joining their centres of figure. If both bodies are warmer 
than the air ata distance from them, then in any section perpendicular 
fo the axis joining their centres, the point where it cuts this line will 


have the highest temperature, and there will be a flow of heat outwards - 


from this axis in all directions. — 
Hence £ will be positive for the axis, and it will be a line of maxi- 
mum pressure, so that the bodies will repel each other. 

lf both bodies are colder than the air at a distance, everything will 


_hereversed ; the axis will bea line of minimum pressure, and the bodies 


will attract each other. 
If one body is hotter, and the other colder, than the air ata distance, 
the effect will be smaller ; and it will depend on the relative sizes of the 


- bodies, and on their exact temperatures, whether the action is attrac- 


tive or repulsive. | 

6. If the bodies are two parallel disks, very near to each other, the 
central parts will produce very little effect, because between the disks 
te temperature varies uniformly and 7==0. Only near the edges will 
there be any stress arising from inequality of temperature in the gas. 
. a. If the bodies are encircled by aring having its axis in the line 
yming the bodies, then the repulsion between the two bodies, when 
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they are warmer than the air in general, may be converted into atts 
tion by heating the ring, so as to produce a flow of heat inwan 
towards the axis. 

8. Ifa body in the form of acup or bowl is warmer than the air, the 
distribution of temperature in the surrounding gas is similar to the 


distribution of electric potential near a body of the same form, which lay _ 


been investigated by Sir W. Thomson.* Near the convex surfies the 


2 
value of 


ae is nearly the same as if the body had been a complete 


sphere, namely aT, where T is the excess of temperature, and gis 


the radius of the sphere. Near the concave surface the variation o 
temperature is exceedingly small. Hence the normal pressure on the 
convex surface will be greater than on the concave surface, as Mr, 
Crookes has shown by the motion of his radiometers. 

Since the expressions for the stress are linear as regards the ten. 


perature, everything will be reversed when the cup is colder than the 


surrounding air. | | 
9. In a spherical vessel, if the two polar regions are made hotter 
than the equatorial zone, the pressure in the direction of the axswil 


be greater than that parallel to the equatorial plane, and the reverse © 
will be the case if the polar regions are made colder than the equ- 


torial zone. 
10. All such explanations of the observed phenomena must besub- 


jected to careful criticism. They have been obtained by considering 
the normal stresses alone, to the exclusion of the tangential streses; — 
and it is much easier to give an elementary exposition of the forme 


than of the latter. 


If, however, we go on to calculate the forces acting on any portion — 
of the gas in virtue of the stresses on its surface, we find that whenthe © 
flow of heat is steady, these forces are in equilibrium. Mr. Crookes 
tells us that there is no molar current, or wind, in his radiometer | 
vessels. It may not be easy to prove this by experiment, but it issailt 
factory to find that the system of stresses here described as arising im 
inequalities of temperature will not, when the flow of heat is steady, 


generate currents. 


11. Consider, then, the case in which there are no currents of ga 


but a steady flow of heat, the condition of which is 


PO dO, dO, 


(In the absence of external forces, such as gravity, and if the gas in 


contact with solid bodies does not slide over them, this is alwage? | 
solution of the equations, and it is the only permanent solution.) ia 


* Reprint of Papers on Electrostatics, p. 178. 
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this ease the equations of motion show that every particle of the gas 
is in equilibrium under the stresses acting on it. 

Hence any finite portion of the gas is also in equilibrium ; also, since 
the stresses are linear functions of the temperature, if we superpose 
one system of temperatures on another, we also superpose the corre- 

mg systems of forces. Now the system of temperatures due to 
asolid sphere of uniform temperature, immersed in the gas, cannot of | 
itself give rise to any force tending to move the sphere in one direc- 
tion rather than in another. Let the sphere be placed within the finite 
portion of gas which, as we have said, is already in equilibrium. The 
ium will not be disturbed. We may introduce any number of 

at different temperatures into the portion of gas, and when 

the flow of heat has become steady the whole system will be in 

12. How, then, are we to account for the observed fact that forces 
act between solid bodies immersed in rarefied gases, and this, appa- 
rently, as long as inequalities of temperature are maintained ? 

I think we must look for an explanation in the fact discovered 
in the case of liquids by Helmholtz and Piotrowski,* and for gases 
by Kundt and Warburg,t that the fluid in contact with the surface 
of a solid must slide over it with a finite velocity in order to produce 
a finite tangential stress. 

The theoretical treatment of the boundary conditions between a gas 
and asolid is difficult, and it becomes more difficult if we consider that 
the gas close to the surface is probably in an unknown state of con- 
densation. We shall, therefore, accept the results obtained by Kundt 


_ aad Warburg on their experimental evidence. 


They have found that the velocity of sliding of the gas over the 
surface due to a given tangential stress varies inversely as the pressure 

The coefficient of sliding for air on glass was found to be \=o 
centimetres, where p is the pressure in millionths of an atmosphere. 
Hence at ordinary pressures ) is insensible, but in the vessels exhausted 
by Mr. Crookes it may be considerable. | 

Hence if close to the surface of asolid there is a tangential stress, 8, 
acting ona surface parallel to that of the body, in a direction, h, parallel 


_ tothat surface, there will also be a sliding of the gas in contact with 


the solid over its surface in the direction h, with a finite velocity= S* 


13. Thave not attempted to enter on the calculation of the effect of - 
this sliding motion, bat it is easy to see that if we begin with the case 
inwhich there is no sliding, the effect of permission being given to 


the gas to slide must be in the first place to diminish the action of 


* Wiener Sitzb., x] (1860), p. 607. 
t Pogg. Ann., cly (1875), p. 337. 
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all tangential stresses on the surface without affecting the nom 
stresses; and, in the second place to set up currents sweeping over the 
surfaces of solid bodies, thus completely destroying the simplicity of 
our first solution of the problem. | 2 
14. When external forces, such as gravity, act on the gas, and when 
the thermal phenomena produce differences of density in different 
parts of the vessel, then the well-known convection currents are get 
up. These also interfere with the simplicity of the problem and intn. 
duce very complicated effects. All that we know is that the rarer the 
gas and the smaller the vessel, the less is the velocity of the conveetion 
currents ; so that in Mr. Crookes’ experiments they play a very small 


part. 


IV. “Note on the Existence of Carbon in the Coronal Atmo- 


sphere of the Sun.” By J. N. Lockyer, F.R.S. Received 
March 20, 1878. 


It is now four years since I obtained evidence, which seemed to me 
conclusive, as to the existence of carbon in the sun’s atmosphere. 
There were two points, however, which remained to be settled before 
the matter could be considered to be placed beyond all doubt. 

The first was to establish that the fluted bands generally presentm 
the spectrum of the arc, as photographed, which bands vary very cot- 


siderably in strength according to the volatility of the metal under 


experiment, were really bands of carbon—a, point denied by Angstrim 
and Thalen. 

This point is settled by the photographs submitted to the Society with 
this communication. In these the carbon bands remain the same, 
though one spectrum is that of carbon in air, the other of carbon m 


chlorine dried with great care, and the proof that it cannot be the 


spectrum of a combination of carbon with oxygen lies in the fact thst 
in the chlorine it is more brilliant than in the oxygen. Now, assmll- 
ing the chlorine to have been but imperfectly dried, this would mi 
have happened if a compound of oxygen had been in question. 

The next point was to obtain evidence that there was absolutely 10 


shift in the carbon bands, which sometimes happens when the part af 
the arc photographed is not perfectly in the prolongation of the axisd 


the collimator. 
A photograph has been obtained which supplies such evident 


There are metallic lines close to the carbon bands, which arep™ — 


longations of Fraunhofer lines, while the lines which I have already 
mapped at W. L., 39°27 and 39-295, in the spectrum of iron, are also 
absolute prolongations. Therefore there is no shift in the carbon 
fintings. Now the individual lines in the brightest portion of 
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finting in the ultra-violet are absolute prolongations of a fine series of 
Fraunhofer lines in which the wonderful rhythm of the elements of 
the flatings is fully retained. | 

Angstrom has already shown that the true carbon lines which we get 
when a coil and jar are employed are not reversed in the spectrum of 
the san. I have already shown that the calcium spectrum in the sun 
is the spectrum of the spark, and not of the arc. 

The carbon vapour then exists not only in a more complicated mole- 
qilar condition (as is evinced by the flutings) than the metallic 

in the sun’s atmosphere, but at a lower temperature. 

It must, therefore, exist above the chromosphere, that is, in a region of 
lower temperature. Lower pressure is also indicated by the feeble 
reversal. | 

The idea I put forward some time ago that the outer atmosphere of 
the sun (and possibly the composition of the outer planets) is more 
metalloidal than metallic is strengthened by this observation. 


V. “On the Physiological Action of the Poisonous Principle of 
Urechites Suberecta.” By JAMES JOHN Bowrey, F.C.S., 
M.LC., Analytical Chemist to the Government of Jamaica. 
Communicated by Professor A. W. WILLIAMSON, Foreign 
Secretary of the Royal Society. Received March 22, 1878. 


Several species of Echites are common in Jamaica, and certain of 
them, known as “nightshades,” or ‘ Savana flowers,” are reputed to 
be very poisonous. In this paper I shall confine myself to a species 
distinguished as the yellow flowered nightshade, and which Professor 


Daniel Oliver has identified as Urechites suberecta, Muell. Arg. (Echites 


Neriandra, Griseb.). This plant is well known to be exceedingly 
poisonous ; frequently when I have been examining a sprig plucked at 
the road side a passing negro has warned me to be careful as it was 
very dangerous. 

My attention was specially directed to it by the fact that it is sup- 
posed to have been the chief poison used by Obeah men in the time of 
slavery. The most wonderful tales are current of the power of these 
men, and it is even stated that they could so administer their poisons 
as to kill immediately or after the lapse of days or weeks. 

Sloane states, “‘ No animal will meddle with this herb, and . 
two drams of the expressed juice killed a dog in eight minutes, but it 
may be so ordered as to kill a person in many days, months, or years.” 
This statement I certainly think exaggerated, but my experiments 
show that it has some considerable foundation in fact. Sloane further 
states, “Two or three spoonfuls of the juice purge young persons 
"pwards and downwards, bringing away worms. The milk, outwardly 
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applied, takes away warts, and cures ringworms and freckles.” }, 
also gives the following as the symptoms occurring in the case of y 
medical man to whom a negress was believed to have given portion 
of this plant, violent griping, inclination to vomit, loss of appetite, 
small convulsions in various parts of the body, hectic fever, and eon. 
tinued wasting of flesh. Under treatment a fatal result was pre. 
vented, but some considerable time passed before the convulsive 
symptoms left the patient. | | 

_ The flowers, and ali the green parts of the plant, are very bitter and 
acrid, so strong and disagreeable is the taste that I think it almost 
impossible that an adult could ignorantly take a fatal dose of the fresh 
plant; both Sloane and Gosse, however, give instances in which ther 
was good reason to think death was caused by rum impregnated with 


the poisonous principle, a plug of the leaves having been used asa 


stopper. The dry leaves may be chewed for some little time before 
their bitterness is observed. Cattle are sometimes poisoned by eating 
the dry leaves when grazing, the plant having been cut down and 
carelessly left in the pasture when it was cleaned. The symptoms 
described to meas occurring in cattle poisoned by Urechites subereda 
agree with those I have observed in animals to which the poisonous 
principles have been given in the laboratory. 

Four substances having toxic properties have been obtained, viz. :— 

Crude principle, a resinous body extracted from the leaves by Stas’s 
process, under the supposition that they contained an alkaloid. This 
substance may be considered to be a mixture of all the active pm- 
ciples of the plant with a small proportion of inactive matter. 

Urechitoxin, a crystallizable body of detinite composition. 

Amorphous urechitoxin, an uncrystallizable form of urechitoxin, 
which has not been obtained perfectly pure, but which resembles the 
crystallizable substance in many respects. | 

Urechitin, a crystallizable substance of definite composition, which 
constitutes the great proportion of the poison present in unchanged 
Urechites suberecta leaves. 

The substances enumerated above are glucosides; for further infor- 
mation respecting their preparation and chemical properties the reader 
is referred to a paper read before the Chemical Society (Journ. Chem. 
Soc., xxxill, p. 252). | 

The effect of the crude principle was tried on mice and cats with 
the results now to be detailed. | 


Effect on Mice, gwen by Mouth. | 
Experiment I. 


A little of the emulsion of the crude poison was given to 4 mouse j 
immediately on swallowing it the animal lost all power of locomotion, 
and convulsive movements of the muscles came on, the whole hind- 
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moving together. This was over in about a minute, but was 
seceeded by twitching of the limbs, continuing for about two minutes, 
sfter which all motion ceased, and the mouse was dead three minutes 
after the poison was placed in its throat. | 


Experiment IT. 


Gave a smaller dose of the emulsion than that employed in Experi- 
ment lto two mice; for some time no effect was visible. In from 
fifteen to thirty minutes there appeared convulsive movements of the 
ahdomen, as if the animal would vomit; it then jumped about for a 
few seconds, fell over on its side deprived of all power of locomotion, 
its muscles twitched for a minute or two, and death followed. 


Experiment IIT. 


A little of the crude poison, in a form like very thick treacle, was 
pat in the mouth of a mouse; from its treacly condition the poison 
could not be spat out by the animal. For half an hour no effect was 
noticed; then there appeared to be disinclination to move, which in- 
creased until motion was plainly impossible, the mouse falling over on 
its side and dying ninety minutes after the poison was put in its 
mouth. The other symptoms noted were apparent attempts to vomit, 
seeming difficulty in breathing, and shortly before death convulsive 
gaspings for air. 

Experiment IV. | 

A dose of the poison in the same state as that used in Experi- 
ment III, but in quantity much less, was given to a mouse; for an 
hour or two the animal appeared to be unaffected; it then became less 
" active. Next day it would hardly move even when touched, but it ate 
well. It was not seen on the third and fourth days, but was well pro- 
vided with food and water. On the morning of the fifth day it seemed 
better than on the evening of the second day, but as the day passed 
on it got worse, being very indisposed to move, and when it did 
elnging to the ground as if afraid of falling over. When first seen 
om the morning of the sixth day it could hardly move, and as the 
morning passed on it completely lost: all power of locomotion, and died 
quietly just five full days after it had received the poison. Imme- 
diately before death the penis became erected, and semen was emitted. 

The most marked symptom in these four experiments was loss of 
power of locomotion, the paralysis coming on very gradually when the 
dose was smallest; when the poison quickly proved fatal, convulsions 
Preceded death. | 

Effect on a Kitten, given by Mouth. 
Experiment V. 


9.7 aM. Attempted to give +}; grain of the crude poison in the form 


Po, 
~ 


mouth out completely. 


of an emulsion to a fine healthy kitten weighing about 2 Ibs, The 
effect on the mouth and fauces was so immediate that but s gma) 
fraction of the dose was swallowed, the instantaneous choki 
the discharge of most of the emulsion, while the large quantity of 
frothy saliva which directly began to flow must have washed the 

In two or three minutes the animal appeared to be trying to vomit, 
but possibly it was merely choking up the thick saliva. 

9.26 a.m. Passed ordinary feces. | 

9.28 a.m. Vomited violently; this repeated at 9.37 and 9.43, Up 
to this time it kept on its legs, now and then moving about slowly; it 
appeared very disinclined to move, yet impelled to do so. 

9.45 a.m. Lay down and, except when vomiting or roused, remained 


_lying down as if sleeping till three o’clock. During the latter part of 


the time, when disturbed, it would walk a few steps, but was in great 
danger of falling over on its side. © 

10.8 a.m. Convulsive vomiting of a thick greenish-yellow liquid, re. 
peated at 10.33; 11.5; 11.50 a.m., and 12.20, and 1.20 p.m. Each time 
the vomiting occurred after the kitten had been disturbed, or had 
itself moved a few steps; it screamed during each vomiting, and even 
during an attempt to vomit. 

At 3 o’clock in the afternoon it walked out of the laboratory into 
the office, and there went to sleep until removed to my lodgings; it 
slept all the evening and night, and was still sleepy next morning. 

All food and drink were refused on the day of administration; net 
morning it tried to eat a morsel of meat, but did not swallow anyd 
it; later in the day it drank some milk; after this it recovered 
rapidly. | 

The poison was given on an empty stomach. There were alto 
gether ten actual or attempted vomitings, nine of which occurred 
within the first four and a half hours. Two hours after the admims 
tration it seemed to be in a dying state, after this time it gradually 
improved; very likely had it been disturbed when in its weakest com 
dition, convulsions would have come on, and death would have been 
the result. 


Effect on a Kitten, given subcutaneously. 


Experiment VI. 


12.45 p.m. Injected 4 cnb. centim. of solution of the crude poison 
40 per gent. spirit under the skin of neck of a kitten weighing 1} Ihe, 
The 4 cub. centim. of solution contained ;); gr., 7.e., 2°6 mgms. of the 
poison. | 

12.53 p.m. Vomited. 

12.56 ,, Vomited violently. Unsteady on its legs; afraid 1 


ony 
| 
4 
4 
4 
3 


ee 


$818] the Poisonous Principle of Urechites Suberecta. 313 


move, and when it did so was in danger of falling over on its side. It 
walked as if drank. | 

10pm. Passed urine and feces. Vomited. It was now very rest- 
less, screamed continually, and had general convulsive tremors. 
Wagging its tail. Soon it became quiet, and appeared very sleepy, 
bat in a minute or two convulsions of a violent character came on, the 
pupils dilating in the fit, but contracting as it passed off. | 

115 p.m. A second attack of convulsions came on in which the 
animal died. The pupil of each eye was so enlarged that no iris could 
he seen, nor was any visible thirty minutes after death. : 

Rigor mortis not perceptible till an hour after death ; in two hours 
it was marked. The body was opened in the afternoon on which the 
animal died; the only special appearances noted were the very dis- 
tended state of the stomach, and the tenseness of its walls, the tense 
wiry condition of the intestines, which were so contracted that a trans- 
verse section appeared solid, and the gorged state of the auricles and 
right ventricle, the left ventricle;being nearly empty. — 


Effect of Urechitozin. 


This substance is very bitter and acrid, and produces @ singular > 


sensation on the tongue and lips, as if they were swollen and blis- 
tered; no visible change is really produced, but so vivid is the sensa- 
tion that it is almost impossible to persuade oneself that the tongue is 
of its usual size, and the lips unblistered. The tingling lasts for many 
hours. Urechitoxin is powerfully sternutatory, the least particle 
mtroduced into the nostrils causing violent fits of sneezing, accom- 
panied with a choky sensation at the back of the throat. Experi- 


~ Ments have been made on mice, cats, and one dog, with this poison, 


and as I believe it to be the typical active principle of the plant—if, 
mdeed, not the active principle, urechitin being in all probability a 
compound containing it—more experiments have been made with it 
than with the other forms of the poison. 


Effect on Mice, given by Mouth. 


Experiment YII. 


Administered 2°5 mgms., z.e., nearly ,, gr. of pure hydrated 
wrechitoxin, dissolved in as cub. centim. of spirit (50 per cent.), to a 


mouse, passing the solution well down its throat. It was dead before 


Teould put it out of my hand. 

1 mgm.,i.e., lessthan 2, gr. of the same urechitoxin in 
16 cub. centim. of spirit (30 per cent.), to a mouse in a similar manner, 
it gave but one or two twitches after being put out of the hand and 
was dead. These mice were opened, their stomachs found empty, 
about a quarter drop of liquid squeezed from each and separately tested 
gave the urechitoxin colour reaction distinctly. : 
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Experiment VIII. 


Tried to give a mouse } mgm., i.e., nearly ~1, gr. pure hydrated 


urechitoxin, dissolved in ;', cub. centim. of spirit (30 per cent.), but part 
was swallowed, certainly not more than 335 gr. In two honrg the 
animal was sluggish, clinging to the ground as if afraid of falling over 


on its side. In six hours so paralysed as to be unable to govermnity _ 
movements, tumbling over if it tried to move from one spot to another, 
its limbs trembling much, and its breathing difficult and convulsive, _ 


Next morning, nineteen hours after the poison had been given, the 
mouse was found dead and stiff. 3 

These mice were affected exactly as were those to which the ernde 
poison was administered. The effects, however, appeared much more 
quickly, no doubt because the urechitoxin was given as a perfect 
solution. 


Effects of small repeated doses of Urechitoxin (given by the Mouth) om 
Cats. | 
Experiment IX. 
To a healthy kitten, weighing about 2 lbs., 34, gr., 7.¢., nearly 1} 
mgms. of pure hydrated urechitoxin was given. The poison was dis 


solved in a drop of spirit which was allowed to fall into the back of | 


the kitten’s mouth. Frothy saliva began to flow directly, the ds- 


charge continuing for nearly forty minutes. I think some of the | 


poison must have been got rid of in the saliva. No other effect 
followed. Next day the dose was repeated with the same effect; after 


the flow of saliva had ceased it ate, but about three hours afterthe | 
administration of the second dose the animal was seized with stromg - 
convulsions, crying out spasmodically and gasping for breath. It 
repeatedly passed urine, also a little feces, and died in the convulsions 


Experiment X. 


Administered 51, gr., 7.¢., nearly 0°26 mgms. pure hydrated urechi- 
toxin to a kitten weighing about 2 lbs. The poison was given in One | 


drop of spirit (50 per cent.), and was allowed to fall into the throat 


the animal. The dose was repeated daily for the four succeedipg days © 


then a day missed ; after which the dose was given twice more. hb 


all, seven doses were administered in eight days; during this time the 


kitten was dull, and had but little appetite. It was found dead within 


an hour of the exhibition of the last dose, and unfortunately was no 
seen alive after the poison was given. The total quantity of poi — 


given was ;/; gr., rather less than 2 mgms. 


On opening the kitten a remarkable absence of fat was observed, the 
tissues were pale, the lungs almost colourless, and the tongue V7 | 


white. The large arteries were empty, the large veins gorged with 
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blood, the left ventricle quite empty, the right ventricle and the 
suricles were very full, in each auricle was a clot, that in the right 

fibrinous and apparently growing from its walls. The liver was 
normal, the gall-bladder very full, the bile tinging the surrounding 
tissues. The stomach distended with gas, otherwise empty, its walls 
thick and stiff, the intestines down to the appendix thick and stiff, 
indeed almost wiry, empty, and contracted, so as to have the appear- 
ance of a solid cylinder more than that of a tube on being cut through 


transversely. This condition was not observable below the appendix, — 


the lower part of the large intestines contained much fecal matter. 
The bladder was empty, the kidneys apparently normal, their external 
blood-vessels beautifully injected. The body was opened three and a 
half hours after death. | 


Experiment XI. 


In this experiment =, gr., 1.e., 0°13 mgm. of pure hydrated 
urechitoxin, in one drop of spirit (40 per cent.), was administered toa 
kitten on each of the dates noted below. 

February 3rd.—First dose given. No effect noticed. Appetite good. 
Weight 2 Ibs. 10 ozs. 

-Febrnary 4th.—No effect. Appetite good. 

February 5th, 6th, 7th.—Saliva flowed for a short time ; vomited after 
dose. Appetite good. 

Febrnary 8th, 10th, 11th—The administration of each dose was 
followed by retching. Appetite good. Weight now 2,lbs. 8 ozs. 

- February 12th and 13th.—No vomiting. : 

February 14th, 15th, 17th——Violent vomiting in a few minutes. 
* Appetite still fairly good. Weight from 2 lbs. 7 ozs. to 2 Ibs. 9 ozs. © 

February 18th and 19th.—Did not vomit nor care to eat. Weight 
fell on the 19th to 2 Ibs. 6 ozs. 

February 20th.—The last dose given. No vomiting. At first 
refused to eat, but eight hours after receiving the poison it ate a little. 
Weight 2 Ibs. 52 ozs. 

N ext morning it was found dead; it had evidently died in convul- 
810s. 
Its dead weight was 2 lbs. 44 ozs. The pupils of the eyes were so 
enlarged as to reduce the irises to mere circular lines; this appearance 
- Thave noticed in every cat killed by urechitoxin. The kitten was in 
good condition; on opening it a large quantity of fat was found sur- 
tounding the internal organs, otherwise the appearances were similar 
to those noted in Experiment X. The weight was taken each day 
before food was given to the animal, and the poison was administered 
by allowing the drop of spirit containing it to fall into the throat of 
the. kitten immediately after it had been weighed. It was then re- 


turned to its cage, and food speedily supplied to it. : 
VOL. XXvIt. 
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Experiment XII. 


This was an experiment similar to Experiment XI, excepting thai | 


but one half the quantity of hydrated urechitoxin was given 
ViZ., 0°065 mgm. The kitten weighed 2 lbs. 2 ozs, 

February 3rd.—First dose given, repeated on the 4th, Sth, 6th, 7th, 
8th, 10th, 11th, 12th, 13th, 14th, without any visible effect. Weight 
varying from 2 lbs. to 2 lbs. 2 ozs. Appetite good. 


February 15th, 17th, 18th, 19th, 20th.—The kitten during this tin 


was dull but still ate fairly. Its weight declined to 1 Ib. 15 ozs, om 

morning being | lb. 13 ozs. Though it ate, its appetite was fat 

failing. | 
February 21st.—No appetite. Very dull. Weight 1 lb. 144 om, 
February 22nd.—Refused food entirely. Weight 1 lb. 13 ozs. Died 


in convulsions in the evening; it had become very thin. It wasno - 


opened. | 

Exp. XI.—Each dose =}, gr. Given 16 in 18 days. Total weight 
given gr. = 2°71 mgm. Death on 18th day. Weight on Ist day 
2. lbs. 10 ozs., on 18th day 2 lbs. 53 ozs. 


Exp. XII.—Each dose ,3,, gr. Given 18 in 20 days. Total weight J 


given nearly 7; gr.= 12 mgm. Death on the 20th day. Weightm 
Ist day 2 lbs. 2 ozs., on 20th day 1 Ib. 13 ozs. : 


Experiment XITI. 


In this experiment the poison was given in a manner more likely ia 


ensure the swallowing of each dose completely, and also at the sam 


time to prevent its action on the fauces. A solution of pure hydralel © 
urechitoxin was prepared containing ;1, gr. of the poison in each. | 


centim., strong spirit being used as the solvent. A number of bitsd 
filtering paper—each about 3-inch square—were suspended om pis 


Each of these pieces of paper received =, cub. centim. of the spnt 


solution delivered from an accurately graduated pipette; whem ti 


spirit had completely evaporated, and the squares were dry, they wer | 
placed in a stoppered bottle. To give the dose, a square of paper Wi | 


cut into shreds and mixed with a little butter—the grease 


to prevent the cat perceiving the bitter taste of the poison—and placed 


in a bit of meat, which was then given to the animal. The cat was 


liberally fed once every day about 11 a.m., its weight being taken first, | 
and the poison given immediately before the day’s food was put nis | 
cage. I may remark that plenty of exercise was allowed to all the 
animals experimented on, the cats having the run of large prem? © 


during the day, their cages being closed at night only. 

Red cat weighing 5 lbs. 4 ozs. Received first dose July 3tt 
Repeated on July 5th, 6th, 7th, 8th, 9th and 10th, during which time 
its weight was constant. ) 
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July 12th, 14th, 15th, 16th, during which time its weight fell to 
5 Ibs. | | 
For the last few days it was rather dull and inactive, and lost its 


At 10 a.M., on July 17th, there was nothing to attract notice in its 

ce; but at 11 o’clock it was seized with convulsions, passed 

feces involuntarily ; and after the convulsions passed off it lay on its 

side breathing heavily from the abdomen till about 1 P.m., when it died 
ina second attack of convulsions. 


Its bladder was found distended with urine, the stomach and intes- — 


tines empty and tense, the latter almost wiry. Gall-bladder full, 
liver very dark and full of blood. All the veins full of dark blood, 


which coagulated very quickly. Lungs pale. Heart, right side 


gorged with dark blood, left side contained a little redder blood, but 
not fully aérated. Arteries collapsed, and nearly empty. Pupils dis- 
tended so as almost to obliterate iris. Tongue bluish immediately 
after death. 


Experiment xIV. 


A white cat, weighing 6 lbs. at the beginning of the experiment, 
was treated exactly as the one in Experiment XIII, a square of paper 
containing 51,, gr. of urechitoxin being given to it every week day 
(with one exception) for eleven weeks. Its weight gradually increased, 
so that it weighed 64 Ibs. at the end of that time. No effect was 
apparent up to the day on which it received the last dose. In the 
morning it was well and cheerful, at 1 P.M. it was discovered very ill, 


. possibly it had been attacked by convulsions. However, it took the 


dose of poison, and ate a little food. Next day it seemed well, no 
poison was given to it. The day after it died about 10 a.m.; it was 


not seen to die, but it presented the appearances seen in other cats 
powoned with urechitoxin. There had been a little purging shortly 


before death. 


Experiment XV. 


A kitten, weighing 1# lbs., was treated in the same manner as the 
cats in iments XIII and XIV, a square of poisoned paper being 
given to it every week day for nearly four weeks, a total of 22 doses 
being administered. For the first three weeks no effect was apparent 
and its weight increased to 2 Ibs. ; during the last week it appeared 
dull and did not care for its food, its weight falling to 14 lbs. There 
was nothing calling for special note in its mode of death or in the 
*ppearances subsequently observed. 

Exp. XII. Dose +55 gr. 11 given, total weight of poison ex: 
tihited gr.= 0-71 mgm. Weight of cat 5} fell to 5 lbs. 
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‘Death one day after iast dose, which was given fourteen days afterth | 


first one. 

Exp. XIV. Dose zy55 gt-, 65 given, total weight of poison given 
js gr. = 42 mgms. Weight of cat 6 lbs., rose to 64 Ibs, Death 
nearly two days after last dose, which was given eleven weeks afte 
the first one. 

Exp. XV. Dose +55 gt., 22 given, total weight of poison exhibital 


as = 142 mgm. Weight of kitten Ibs., fell to 14 Ibs. Desth 
two days after last dose, which was given twenty-six days after the 


first one. | 

Three other cats were experimented on in a similar manner, two of 
them receiving about 100 squares each, and the other about 40 up to 
the time when the experiments were discontinued. Except ver 
occasional vomiting these cats appeared in perfect health; none of 
them lost weight, while one gained considerably. Only a portion of 
the squares of poisoned paper were taken from the same lot as tho 
used in Experiments XIII, XIV, and XV, most of them were froms 
new batch prepared from a solution which had been kept for a long 
time. I have found that weak solutions are apt in time to lose ther 
bitterness, indeed, the papers prepared from this old solution had but 


avery slight bitter taste; this test, however, was not applied until the | 
absence of effect on the cats led me to suspect that something was | 
wrong. In all probability, for the greater part of the time, thee © 


three cats were receiving but a fraction of the dose intended. 


Effect of Urechitoxin on a Dog, given by Mouth. 
Experiment XVI. 
One gr., i.c., 65 mgms. of crystallized hydrated urechitoxin, was pu 


on a piece of meat, another piece laid over it and the two bits of mest | 
lightly tied together with a piece of cotton and given toa medium 


sized dog ; no effect followed for an hour, then the animal vomited for 
times in quick succession, the meat containing the -urechitoxin wi 


found in the vomit, the quantity of poison apparently undiminishel, — 


one edge of the layer of poison, however, was free, i.¢., uncovered by 
meat, and must have been in contact with the juices of the stomach. 
The dog was watched for an hour and a-half after the vomiting 


over, during which time it slept naturally, showing no ill effects wha” 


ever. It was then left for the night, with food and water at its side, 


in the full expectation of finding it quite well in the morning ; how 


ever, it was discovered dead and cold, the food and drink untouched 
The internal organs were found to be congested, all the cavities of 
the heart contained much thick black blood, the auricles being gow 
There were marks of irritation on the inner face of the st “ 
The brain was normal. ee 


4 
a 
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Effect of a large dose on Cats, subcutaneously injected. 
Experiment XVII. 


Injected 3 gr., i.e., 81 mgm. pure hydrated urechitoxin, dissolved 
in} cub. centim. (40 per cent.) spirit, under the skin of neck of 
a strong full grown cat. For ten minutes nothing particular was 
noticed, unless, indeed, the animal was slightly uneasy and indisposed 
to move; at the end of this time it became very uneasy, mewing a good 


deal. When thirteen minutes had elapsed the cat vomited violently 


and then passed feeces. During the next twenty minutes it vomited 
very violently three times and passed feces and urine involuntarily, 
the breathing also became very hurrjed, more than 100 respirations 
per minute. Very unwilling to move, seemed giddy, tail twitching ; 
two or three times, however, the animal showed unexpected strength, 
getting up and walking a few steps. About thirty-five minutes after 
the injection most violent convulsions came on and death took place 
thirty-seven minutes after the poison had been injected. When the 
convulsions came on the pupils enlarged so as to reduce the irises to 
mere circular lines, this enlargement remained for a considerable time 
after death, then the irises began slowly to contract. 

The appearances noted on opening the animal were the same as 
those usually seen in other cats poisoned by urechitoxin. The stomach 
contamed about a teaspoonful of white frothy liquid and was very 
much distended with gas. The intestines were remarkably tense and 
wiry, and showed frequent knots in their course, like the knots of a 
bamboo cane but much more exaggerated. | 


Experiment XVIII. 


Injected 4; gr. pure hydrated urechitoxin, dissolved in spirit, under 
skin of neck of a half-grown kitten, immediately afterwards gave it a 
mouse which it caught and ate. In five minutes from time of injec- 
tion vomiting came on and the mouse was ejected. The kitten now 
very uneasy, convulsive twitchings appeared, speedily followed by 
strong convulsions, in which it died within eight minutes of the injec- 
hon. It was opened directly, the stomach was loaded with food and 
the colon with fsces. The heart, which was very distended, was not 
cut into; it contracted considerably as it cooled. The other appear- 
aces Were similar to those noted in other experiments. 


Experiment XVIIIa. 


In this case a quantity of urechitoxin was injected sufficient to 
prove fatal very speedily. Experiments XVIII and XVIIIa were 
Performed simply in order that some medical friends might see the 
great activity of the poison, and I mention No. XVIIIa here, for the 
take of the following extract from my note book. ‘The cat was 
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opened immediately after death, no irritability of- the heart wy 


noticeable on pricking that organ; this want of irritability wy | 


observed on subsequent occasions.” | 


Experiment XIX. 

Injected 3, gr. = 3'2 mgms. pure hydrated urechitoxin, under the 
skin of neck of a full grown cat. The poison was in solution in 
spirit. 

10.35 a.m. Poison injected. 

10.50 ,, Feces passed. 

10.53 ,, Vomited violently. 


10.54 ,, Do. 
10.59 . Do. merely bringing up a little frothy liquid. 
ws Do. | do. 

Do.* do. do. 


11.12 ,, Vomited violently, merely bringing upa little frothy liquid; 
it now appeared sleepy. 3 

11.22, a.m. Again vomited frothy liquid, now very sleepy. 

11.27 ,, Passed urine. 

11.30 ,, Vomited violently and immediately lay down again. 

11.40 ,, Momentary convulsions. 

11.46 ,, Do. do. 

11.48 ,, Very violent convulsions accompanied with cries. Dung 
the fit life became extinct, 1 hour and 13 minutes after the injection of 


the poison. At 11.10 o’clock a mouse was put with the cat, which — 


noticed but did not attempt to catch it. : 
In each of these experiments on the action of large doses, the fit 
effect was to cause the animal to vomit, which, in Experiment XVII 
was very speedily followed by convulsions and death, but, in Expen- 
ments XVII and XIX, the vomiting occurred repeatedly, urine and 


feeces were passed, and there was a marked disinclination to muscular — 


exertion before the final convulsions came on and life became extint. 


Effect on Cats of very small doses, subcutaneously injected. 
Experiment XX. 


Injected 53, gr., = 0°65 mgm., pure hydrated alpha echitoxin, ds 


solved in } cub. centim. (40 per cent.) spirit, under the skin of me 
of a small full grown cat, weighing 34 lbs. Neither food nor drink 
was taken by the cat after the injection. _ | 
10.50 a.M. Poison injected, a little appeared to escape from t 
wound on withdrawing the syringe. 
11.10 a.m. Uneasy, licking lips, vomited. 
| Do. do. 
1135 Do. do. 
Do. do. 


~ 
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19.0 o'clock. Attempted repeatedly to vomit, but brought up 


em p.m. Attempted repeatedly to vomit, but brought up nothing, 
the retching not so violent; up to this time had been restless, now 
seemed fatigued and disposed to lie down. 

12.35 p.m. Again ineffectually tried to vomit, continuing its efforts 
for five minutes. 

12.45 p.m. Vomited violently a yellow frothy liquid. 

145 ,, Passed urine, tried to vomit, appeared sleepy. Dribbled 
much from its mouth. 

990, 3,20, and 4.20. Vomited violently a yellow frothy liquid. 
This vomiting was repeated three times between 4.20 and 11 o’clock 
pa., when it was last seen alive. At 5 o’clock next morning it was 
found dead, stiff, and cold. It had evidently died in convulsions, the 
pupils were so expanded as to almost obliterate the irises. Death 
must have occurred within sixteen hours of the injection. On being 
opened, a generally congested state of the vessels of the viscera and 
brain was found, the intestines, as usual, tense, and the auricles and 
right ventricle of the heart gorged with blood, while the left ventricle 
contained but very little. 

Between two and three hours after the injection a mouse was put 
with the cat, it immediately caught and killed it, but neither played 
with nor ate it. : 


Experiment XXI. 


of gr., = 1:3 mgm., pure hydrated ureckitoxin, followed 
_ twenty-four hours afterwards by a second injection of =}, gr. of the 
same sample of poison. The cat used was a very strong one, weigh- 
ing 6 lbs. 6 ozs., it was last fed fourteen hours before the first in- 
jection. 

10.20 a.m. Injected 2, gr. urechitoxin, dissolved in $ cub. centim. 
(40 per cent.) spirit, under skin of neck. 

10.35 a.m. Very restless, seemed to want to pass feces and urine. 

10.40 ,, Passed feces. 

11.6 »» Passed urine. 

1.15 ,, Vomited violently, bringing up partly digested food. 
Panting much as if very hot. The usual licking of lips preceded the 
Vomiting, after which the cat appeared much easier. 

11.17 a.m. Passed feeces. 

11.20 ,, Again panting, lying down extended, respirations over 

00 per minute and irregular. 


11.25 a.m. Vomited much partly digested food, afterwards became’ 


very restless, still panting. 


11,30 a.m. Lay down extended, pantin; g, pupils appeared dilated, but 
Were quite sensitive to light. Soon got up, restless again. 
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11.45 a.m. Vomited twice, brought up very little. Respirations tee 
120 per minute and irregular. | 

Put a mouse in the cage; the cat noticed and touched it, and whe, 
it fled, started after it, but did not follow it; remained looking at, but 


_ did not attempt to catch it. The mouse was removed, when the qt — 


lay down and remained lying down from 11.50 to 12.15 o'clock 
Respirations varying from 100 to 90 per minute, irregular in both rite 
and intensity, but becoming less violent and rapid. 

12.15 p.m. Got up, restless, crying, licking lips till 


12.17 ,, Vomited violently a little frothy liquid. Soon lay down: 


again. | 
12.30 p.m. Respirations 104 per minute, but not so strong or ir. 
gular as before. Heart beating 150 per minute. Beats strong. 

12.40 p.m. Got up and walked slowly about the laboratory, seemed 
several times as if it wanted to jump up on window-ledges, &.,, but 
did not attempt to do so. On being put back in the cage it struggled 
to get out for some ten minutes, then lay down as if asleep, but not 

2.0 p.m. Still lying down. Respirations 24 per minute. Puta mouse 
in the cage; the cat looked at it, but did not move. : 

3.20 p.M. Respirations 24 per minute; the cat had a very sleepy 
look. A little after this it sat up and appeared as if it would vomit, 
but did not do so. Now very sluggish, and remained so, neither 
vomiting or passing feeces or urine till 10.30 next morning, when its 
respirations were irregular and 45 per minute; the heart-beats wer 
also irregular and over 110 per minute. It refused to eat, and-had 
taken nothing, except possibly some water, from the time when the 
poison was injected. | 


Second day.—10.38 a.m. Injected gr. urechitoxin in } 


centim. 40 per cent. spirit under skin of neck. 

10.43 a.m. Passed urine. 

11.0 ,, After licking lips, vomited a little yellow frothy liquid. 

Do. do. | do. 

11.43 Do. do. . white do. 

12.5 p.m. Passed hard feeces. a 

12.25 p.m. After licking lips, vomited a little yellow frothy liquid. 

Do. do. white do. 

During the rest of the day remained in a very dull state, looking 
very ill. Would have nothing to do with a mouse. Took no food, bat 
late in the day just tasted some milk. Passed urine once in the evening. 


Third day.—10.0 a.m. Weight 5 lbs. 14 ozs. During this day} | 
looked rather better, but still very dull. Tasted milk, passed urine | 


twice, would have nothing to do with a mouse, remained quite stilbiill 


_ 4.30 p.m. Vomited white frothy liquid. Took no other food than the 


one taste of milk. Passed urine during the night. a: 
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Fourth day.—7.0 a.m. Vomited twice, bringing up much white frothy 
liquid. Afterwards tasted some milk—drank no appreciable quantity. 
"10.30 a.m. Vomited a quantity of liquid, looking like dilute milk, 

11.30 ,. Would have nothing to do with a mouse. Lay down 
almost wherever it was placed, and even if it wanted to reach another 
spot, it moved but a few steps, trembling and but half-raised on its 
legs, in danger of falling over on its side. It would lie down without 
reaching the desired place, never moving two feet at one time. 

Weight 5 Ibs. 11 ozs. It gradually got worse, twitching of the ears, 
and indeed whole head, now occurred on its being forced to make the 
slightess movement. The pupils very contracted, and not sensitive to 
light. I think, however, that if the cat’s attention could have bee 
aroused they would have expanded and proved sensitive. 

2.0 p.m. The cat now unable to keep on its feet; even when placed 
upon them it sank on to the ground without any attempt to take up a 
restful or easy position. Saliva flowing from its mouth. | 

3.0 p.m. to 3.10 p.m. While being moved convulsions, accompanied 
with cries, came on, followed by vomiting and a second attack of con- 
vulsions, in which it died. 


Weight now 5 Ibs. 10 ozs. The eyes presented the usual enlarged 


pupils. The body was immediately opened. Stomach inflated, con- 
tained a little yellow mucus. Intestines contracted. Colon contained 
alittle hard feces. Bladder contained a few drops of urine. Laver 
and kidneys appeared normal, the veins of latter beautifully injected. 
Lungs pink with a tinge of yellow, became cream-coloured as they 
cooled. Heart filled. Pericardium, right ventricle full; on cutting 
_ Into it some thick dark blood flowed, but a mass of coagulated blood 


remained in it; left ventricle contained a little red blood, which did » 


not coagulate until it was exposed to the air. External vessels of 
brain congested ; no blood-points were seen in its substance on cutting 
into it, Death took place 77 hours after the first injection and 53 
hours after the second. The total weight of poison injected was +3; 
gr., 4.¢., nearly 2 mgms., equivalent to one-and-a-half millionth part of 
the weight of the cat. 


Experiment XXII. 

Injected 53, gr. pure hydrated urechitoxin, dissolved in spirit, under 
skin of neck of a cat weighing 4 Ibs. 104 ozs. The animal was last 
fed 16 hours before the injection. 

10.50 a.m. Poison injected. After it was liberated the animal la 
down, and remained so till 

11.25 a.m. When it began to lick its lips, but the uneasiness passed 
off, and only occasionally did it give a lick, still lying down. 

11.55 a.m. Got up uneasy, mewing, licking lips. _ 

12 o'clock. Vomited frothy liquid. 
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12.12 p.m. Passed feces consciously. A freshly killed monge wy 
given to it; it seized it, but laid it down again almost immedi 
and would not notice it afterwards. Food, even milk, refused, 

1.0 p.m. Heart-beats barely perceptible. 

1.45 ,, A mouse put in cage; the cat immediately caught anj 
killed it, then left it. ake ee 

3.20 p.m. Passed urine. Since 12 o’clock lying down nearly all th 
time, unwilling to move, but not asleep. 

3.30 P.M. Passed a little feeces with difficulty. | 

3.40 ,, Vomited white frothy liquid. Heart-beats not perceptible, 
Vomited twice during the evening and passed feeces once. Vomited 
again in the morning before 10 o’clock. Ate nothing. 


Second day.—10.30 a.m. Weight 4 Ibs. 7 ozs. Sluggish, but quite 


able to move vigorously. Smelt at, but would not eat, meat. Heart 
beats very rapid and hardly perceptible. Quiet all day, refused all 
food. 

Third day.— Weight 4 Ibs. 54 ozs. Early in the morning vomited, 
bringing up a worm. During the night had neither passed urine or 
feeces. | 

10.0 a.m. Very sluggish, would not move unless forced to. Heart 
beating as yesterday. A mouse put in the cage; the cat looked a, 
but did not attempt to catch it, indeed, it seemed frightened at it. 


It remained in this dull state all the third day, and up to 10 o'clock | 


on the morning of the fourth day, neither eating, drinking, vomiting, 
or passing urine or feces. 


Fourth day.—W eight 4 lbs. 40zs. Remained in the same dull stat 


all day, taking nothing and passing nothing. 


Fifth day.— Weight 4 lbs. 3 ozs. At 10 a.m. very sluggish, but 
proved itself quite capable of action by ranning across the room, aul — 
jumping up to the cage on being frightened while being weighed, ye 


would not touch a mouse put in the cage before the cat was taken out 
to be weighed. At 10.30 a.m. passed about 3 oz. of urine, In the 
evening ate pretty well and drank milk freely. ; 


Siath day.—Weight 4 lbs. 2 ozs. Early in the morning passed very 


Lard feces. Looked better, but still very sluggish. 


Bighth day. — Weight 4 lbs. 2 ozs. Nothing particular to note sine 
the sixth day. The cat now appeared well, but had not energy” — 


catch a mouse put with it. Next day still better, caught and a 


mouse. On the tenth day was still stronger, and on the eleventh ™# 


quite recovered. 


The poison injected was not the three-millionth part of the weight 


of the cat. No food whatever was taken until the evening of the 


day, and as nothing had been taken for sixteen hours before the inet 


tion, nothing was eaten for five whole days. | 
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Experiment XXIII. 

Injection of zo5 8T- crude principle under skin of neck of a strong 
black cat weighing 4 Ibs., followed three days after by a second injec- 
tion of <5 gr. hydrated urechitoxin. 

First day.—11.20 a.m. Injected =35 gr. crude principle, dissolved in 

cub. centim. 40 per cent. spirit. | 

11.50 a.m. Lay down as if to sleep, but if it did sleep it was not 
soundly. It continued lying down with its eyes closed, but opened 
them on being spoken to. No other effect followed, and on the second 
and third days it appeared quite well and ate fairly. | 

Fourth day.—10.30 a.m. Injected +35 gr. urechitoxin in } cub. 


centim. 40 per cent. spirit. The cat had not been fed since the previous’ 


afternoon, and judging from the results of its vomiting, its stomach 
must have been empty at the time of this second injection. 

10.50 a.m. Vomited violently a little mucus. Licked its lips for a 
few minutes previously. 

10.55 a.m. Licked lips. Vomited violently a little mucus. 


ae Do. do. do. 
Do. do. do. Appeared . 
sleepy. 


12.20 ,, licked lips. Vomited violently a little mucus. Ap- 

11.29 a.m. Licked lips. Vomited violently a little mucus. Ap- 
peared sleepy. 

11.32 a.m. Thick frothy saliva flowed from mouth. The cat noticed 
but did not attempt to catch a mouse. : | 

11.35 a.m. Licked lips. Made frequent attempts to vomit, but 
brought up nothing more than a little mucus. | 

11.58 a.m. Licked lips and attempted to vomit as at 11.35. 

11.20 p.m. It was disturbed by being handled, after which it dribbled 
and licked its lips and seemed as if it would vomit, but did not do so. 
Soon went to sleep again. | | 

1.20 p.m. Was again disturbed, when the same symptoms came on as 
at 12.20 p.m. 

1.30 p.m. Passed urine consciously. 

145 ,, Drank a good deal of water, but did so very slowly. The 
rest of the day it remained still in a dozing state, able to notice, but 
there was much difficulty in arousing it sufficiently. Would not stir 
4 single step from the place were it lay unless obliged to do so by force, 
_ then it moved as if very weak. It appeared thirsty, drinking water 
| Occasionally. It was seen to vomit three times during the evening, 
and three times before 10 o'clock next morning. It may have 
vomited at other times in the night. 

_ Fifth day—10.0 a.m. Sleepy if not actually sleeping. Very un- 
willing to move, and when it did, unsteady in its gait. 
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_ 11.30 a.m. Tried twice to vomit, and, after violent effort, : 
up a little frothy mucus; there was the usual licking of lips before th, 
vomiting. | 

1.30 p.m. Tried to vomit at 11.30 o’clock, with the same reg, 
During the rest of the day remained quite quiet, taking nothing but 
water. 

Si and seventh days.—Still in the same state, apparently sleeping 
nearly the whole time, refused to eat, but drank water. It was seen 
to vomit once on the sixth and twice on the seventh day. 

Highth day.—In the same state: Vomited at 8 a.m. and 10.30 ax, 
and at 12 o’clock; in the mucus brought up at 12 o’clock there were 
two worms. Drank a very little milk which it had hitherto refused; 
still refused all solid food. Now very weak. Noticed but did not try 
to catch a mouse put in the cage with it. , : 

p.m. Vomited a little curdled milk. 

4 ,, Weight 3lbs.1030zs. During the rest of this day and night 
remained in the same lifeless, listless state. Refused all solid food, 
but lapped a very little milk. | 

Ninth day.— Weight 3.lbs. 90zs. At 10 a.m.in much the same con- 
dition as on the previous day, but noticed a little more when it was 
stroked. | | 

11 a.m. Put the cat in the cage with a mouse; no attempt was made 
to catch it, and soon the cat vomited a quantity of yellow liquid. 

In the afternoon put the cat in a large glass vessel with two mice; 
it hardly noticed them ; lay still for some time allowing them tom 
over her, then lazily jumped out of the vessel, more active than in the 
morning. If not disturbed, was always asleep; had to awaken; took 
no solid food, merely lapped a few drops of milk; it seemed as if it 
was too much trouble to do even that. 

Seventh day.—Very sluggish but more active than before; weak m 
its movements. When put in glass vessel with mice would not notice 
them, but jumped out and soon after vomited. Took no food what- 
ever. | 

Eleventh day.—Weight 3 Ibs. 6 ozs. Plainly much better, noticed 
when spoken to, purring, &c. Took no food, however, and would 
have nothing to do with mice. | 

Twelfth day.— Weight 3 lbs. 40zs. Better than yesterday. Would 
not attempt to catch a mouse. Ate a little bit of meat. After this t 
rapidly and completely recovered. ; 

The injection of the crude principle produced no other effect than 
disinclination to activity for a few hours afterwards. 


The injection of the urechitoxin (on the fourth day from. that of | 


the crude poison) was followed in twenty minutes by vomiting. On the 
fourth, fifth, sixth, and seventh days, all food was refused. On the 
eighth day took a little milk which was speedily ejected by vomiting: 


= Oo 
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On the ninth day took a few drops of milk. Refused all food on the 


tenth and eleventh days. On the twelfth ate a bit of meat. Practi- 


cally no food was taken for eight days. — | 
Ath day was seen to vomit or retch 11 times. Took no food. 


bth do. do. 6 do. do. 

6th do. do. do. 

"th: do. do. 2 do. do. 

8th do. do. 4 do. Drank and vomited a 
little milk. 


9th day was seen to vomit or retch once. Took a few drops of 
milk. 

10th day was seen to vomit or retch once. = Took no food. 
-lithday. No vomiting. Took no food. 

12th day. i Ate a bit of meat. 

The weight of the cat fell from 4 lbs. to 33 Ibs. on the twelfth day, 


ie,in the eight days succeeding the second injection, it lost nearly 


one-fifth of its weight. : 


Effect of Amorphous Urechitoain on Cats. 
Experiment XXIV. 


This and the three following experiments were all made with the 
same sample of amorphous urechitoxin, a sample from which the 
crystalline urechitoxin had been removed. | 

Injected 4, gr. amorphous urechitoxin in } cub. centim. of spirit (40 
per cent.) under skin of neck of a full grown cat weighing 4 Ibs. 12 ozs. 


The only effect observed was that the animal became dull and sleepy, 


* and would eat on the day of injection, or on the two following days, 

thus fasting for three days. It ate a little, very little, on the fourth 

_ and fifth days, but still remained in the same sleepy state, taking no 
exercise. After that it rapidly recovered. There was no vomiting. 


Experiment XXV. | 

Injected 4, gr. amorphous urechitoxin in } cub. centim. (40 per 
cent.) spirit under skin of neck of cat weighing 5 lbs. 14 ozs. 

The only effect noticed was that the cat was sleepy, dull, and ap- 

parently weak, and did not recover its appetite for full five days after 

the injection of the poison. There was no vomiting. : 


Experiment XXVI. 


3.32 P.M, Injected =; gr. amorphous urechitoxin in } cub. centim. 
(40 per cent.) spirit under skin of neck of a kitten weighing 1 lb. 1 oz. 

341 pm. Passed feces apparently involuntarily. Seemed very un- 
Comfortable, mewing and licking its lips, then vomited. 

3.43 P.M. Passed more faeces. Apparently no difficulty in walking. 
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2.45 p.M. Vomited violently and continued trying to vomit, wit 
cries and slight unsteadiness on its legs until— | 
3.48 p.m. When convulsions came on, speedily ending in death, 

The appearances noted after death were similar to those recorded 
as observed on opening other cats. 


Experiment XXVII. 


10.45 a.m. Injected +3, gr. amorphous urechitoxin under skin of 
neck of a cat weighing 4 lbs. 60zs. The animal had had no food for 
16 hours. | 

11.10 a.m. Uneasy, crying, licking lips until— 

11.22 ,, Whenit vomited, brought up little else than frothy liquid. 
Cat panting slightly. 

11.34.4.m. Passed feeces and urine. The panting increasing, The 
animal disposed to lie down, looking as if fatigued by heat. 

11.40 a.m. Vomited white frothy liquid, this somewhat relieved the 
panting. Soon it became very indisposed to move; had been very rest. 
less, now it lay quite extended, its heart beating very hard and ™ 
140 per minute. 

12.2 p.m. Vomited white frothy liquid. 

12.12 p.m. A mouse was put in the cage, the cat instantly jumped mp 
and killed it, but did not play with or eat it. The exertion of killing 
it, though momentary, was too much for it. 

1.40 p.m. Put another mouse in the cage, the cat looked at it but for 
five minutes did not stir, then it got up and smelt it, and on the mous 
bounding away, the cat started after but did not follow it. 

1.50 p.m. Saliva flowing from cat’s mouth. 

3.0 p.m. Not so disposed to continue lying down. Heart beating 
hard but not so hard as before, but quicker, 220 beats per minute. 

During the evening it vomited once, and again in the momm 
before 10 4.m. From the time of the injection refused all food, 
merely drinking a little water. 

Second day.—10.30 a.m. Sluggish, but able to move somewhs 
vigorously. Weight 4 lbs. 2 ozs. Urinated once during the day. 
Tasted but did not swallow a bit of meat. Took no other food. 

Third day.—Weight 4 Ibs. 0}0z. Ate nothing. Tasted but did not 
drink some milk. Passed feces or urine. Remained lying 
down; heart beating quickly, but not so hard as before. pee at 
bab did not attempt to catch, a mouse; indeed, seemed frightened 
at it. 

Fourth day. —Weight 41bs. Ate some meat in the morning, all# 
which it sat up and cleaned itself; remained lying down all the-r#! 
of the day. Passed no feeces, but some urine during the night. 

Fifth day.—W eight 41bs. 2 ozs. Looking better, but still very dull 
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noticed, but did not attempt to catch, a mouse. Drank a little milk in 
the morning, and fed well in the evening. Remained still all day. 

Sith day —W eight 4 lbs. 50zs. Much better. 

Eighth day.—Barely sufficient energy to catch a mouse which was 
put in the cage. Might now be considered recovered. 

These four experiments show that amorphous urechitoxin has the 
game physiological action as the crystalline urechitoxin, but perhaps is 


, not so active, weight for weight. 


Effect of Urechitin on Cats, given by Mouth. 
Experiment XXVIII. 


A dose of finely powdered urechitin, weighing gr., mgms., 
was given to a cat on a piece of meat; the whole was swallowed, and 
the animal ate a hearty meal directly afterwards. 

11.20 a.m. Poison administered. 

12.40 p.m. Vomited a little frothy liquid ; during the next eee it 
twice vomited food, and once frothy liquid. 

2.15 pM. Had twice since 1.40 p.m. vomited a little pane liquid. 
Now very indisposed to move, when it did was very sluggish and also 


uncertain in its movements. Before the poison began to act, it had 


heen a more than usually active cat. Though so unwilling, or perhaps 
mable readily, to move, it was too uneasy to remain long in one spot. 
Breathing laboured and abdominal. 

3pm. Vomited frothy liquid very weak. After 


this time it remained very quiet, as if too weak to move, yet it 
appeared decidedly easier. Next morning it was still very feeble. | 


At 10 a.m. it vomited some frothy liquid, in which was a worm. It 
had been vomiting during the night. It refused to eat all day, but 
ater this time recovered rapidly and completely. 

Urechitin is very insoluble in watery liquids; and as the dose was 
given in the solid form, and was immediately followed by a hearty 
meal, which was entirely ejected within two and a half hours from the 
thibition of the poison, no doubt but little was absorbed into the 


Experiment XXIX. 


To the perfectly recovered cat used in Experiment XXVIII, ad- 
mnistered a similar dose, i.c., 74; gr. urechitin; but this time the 


Joison was dissolved in a few drops of very strong alcohol, and the 


‘olution diluted with weak spirit until the poison began to crystallize 
out of the mixed solution, and very fine crystals were then poured into 
the throat of the cat, and its mouth held shut until they seemed to be 


wallowed. The bulk of the dose undoubtedly was swallowed, but 
escaping. 
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10.40 a.m. Poison given on empty stomach. 
11.0 ,, Vomited clear liquid mixed with white froth. 


11.20 ,, Do. yellow liquid mixed with yellow froth, 
11.40 Do. do. : 

12.5 P.M. Do. do. 


The vomiting very violent and accompanied with cries. 


1.10 p.m. Made violent attempts to vomit, but brought nothing up, ; 


Very weak. 
3.4 P.M. Vomited violently white frothy liquid. | 
<r Do. do. immediately after. 


wards convulsions came on, in which it died. | 
After 1 o’clock it gradually became weaker, and was very unwilling 
to move. When the effects of the poison were well developed, the skin 
of neck was observed to be of a bright pink colour; the colour wa 
easily seen on the neck, as the skin was very thin there; when th 
poison was given the skin was almost colourless. The eyes were not 
affected, their pupils remaining sensitive to light; in death, however 
they enlarged, the irises becoming mere lines. & 


Experiment XXX. 


A dose of 5 gr. of pure finely powdered urechitin was distributel 
on two small pieces of meat, which were then given to a cat; one piow 
was swallowed, the other rejected after being chewed (no doubt the 
poison was tasted); a considerable proportion of the dose, however 
must have been swallowed even from that second piece of megt, for 
the poison lying on its exterior would be swept off in the ato 


chewing. 


11.0 a.m. Dose given on empty stomach. | 
11.40 ,, Vomited. 

12.0 

12.15 p.m. Do. 


ie a Do. but not again up to the time of leaving th 


laboratory (4 p.m.). After mid-day it remained in the same sp 
never moving. 
Next morning it was found in the same state as when left; there 
were no signs of any vomiting. On being let out of its cage it slowly 
walked to a bush, under the shade of which it remained all day. I 
refused to eat anything. In the evening it was left under the bush. 
Third morning—The cat was found lying in a cool place some Af) feet 
from the spot where it was left on the second day. It was very ™ 
and had lost the power of locomotion completely, but could move i 
limbs languidly. At 10 a.m. it was carried into the laboratory, ts! 
might be more closely watched. If undisturbed it lay perfectly 
asleep. Liquid ran from its mouth. Pupils sensitive to lighh™ 
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moved sluggishly. Now and then a slight convulsive movement of the 
body and limbs was seen. It became weaker and weaker, until the — 


breathing Was imperceptible, and only by touch could I be certain it 
wag not dead. Urine ran from it. At a few minutes before 12 o’clock 
+ died. I did not see it die, but I had examined it about ten minutes 
before 1 found it dead. There was no rigidity, but the usual enlarge- 


ment of the pupil was very marked immediately after death, which | 


took place 49 hours after the administration of the poison. 
The bladder was found distended with urine, and the lower bowels 
till of hard faces. The smaller intestines were empty, but not tense 


or contracted. The gall bladder distended with bile, and colouring 


the stomach yellow. The lungs pink. The right side of the heart 
with dark blood, and the veins also; the left side contained a 

litle thin red blood. The body was opened very shortly after death. 
The experiments I have detailed show the four forms of poison 
extracted from Urechites suberecta to be practically identical in their 
physiological action. In mice they cause muscular paralysis, respira- 


tory difficulty, and convulsions ending in death. In cats, large and 


moderate doses always produced vomiting, which (in the cases where 
very speedily fatal doses were exhibited) was followed by convulsions 
ud death; but where death was delayed, both feces and urine were 
evacuated, the vomiting frequently renewed, pulse and respiration 
quckened, notably the former, and muscular paralysis gradually de- 
veloped, the end being preceded by convulsions. -Very small doses pro- 
dueed on the first day vomiting, defecation and micturition; the 
vomiting persisting for several days, but the bowels becoming confined 


id the secretion of urine apparently lessened. But perhaps the most 
marked symptoms following the exhibition of small doses, was the 


refusal of all food for many days, and the great disinclination to 
muscular exertion. Salivation was also sometimes produced by the 
iwection of very small quantities of the poison. 

In the four experiments on cats, in which but +24; gr. of the poison 
ws administered daily, there was no vomiting, indeed no visible effect 
for many days; then a gradual loss of appetite and general dulness, 
fueceeded by sudden convulsions, followed in a few hours by death. 
hn Experiment XIV, however, no symptoms of poisoning appeared for 
ay weeks, and then they preceded death by less than twenty-four 

urs. 

The smallest quantity of the pure crystallized poison which proved 

tal to acat was 1. gr., injected subcutaneously in one dose—see 

ent XX. This was equivalent to one two-and-a-half millionth 
af the cat's weight. The next smallest fatal dose is that recorded in 

“periment XIII, in which eleven separate doses were administered, 
mounting in all to 2. gr., or one three-and-a-quarter millionth of the 


‘ts Weight. In other experiments no fatal effect resulted until three 
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to six times as much, proportionally to the weight of the animal, wag 
swallowed. 


The Society then adjourned over the Easter Recess, to Thursigy 
May 2.. | 


May 2, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President in the Chair, 


The Presents received were laid on the table, and thanks ordered 
for them. 


In pursuance of the Statutes, the names of the Candidates recon. 


mended for election into the Society were read from the Chairs 
follows :— 


John Gilbert Baker, F.L.S. | John Hughlings Jackson, M.D. 
Francis Maitland Balfour. Lord Lindsay, P.R.A.S. 

Rev. Thomas GeorgeBonney,M.A. | Samuel Roberts, M.A, 
Prof. James Henry Cotterill, M.A. | Edward A Schafer, M.R.C.. / 
Sir Walter Elliot, K.C.S.I. Herman Sprengel, Ph.D. | 
Rev. Canon W. Greenwell, M.A. | George James Symons. 

Thomas Hawksley, C.E. Charles S. Tomes, M.A. 

John Hopkinson, M.A., D.Sc. 


The following Papers were read :— 


I. “On the Life-History of a Minute Septic Organism: witha 
account of Experiments made to determine its Them 
Death Point.” By Rev. W. H. Dauuincer. Commu 
cated by Professor HUXLEY, Sec. R.S. Received Marchi 
1878. 

_[Prarss 8, 9.] 


Nearly four years since, in examining an infusion of animal, maitet, 
which had, unfortunately, been diluted with water, and had vegetab | f 
substances placed in it, I observed a minute and intensely acute / 
organism, which, on closer and more careful examination, I fout™ 
be of a form entirely new to me. I therefore determined to endear 
to discover its life-history; but the diluted infusion was ‘unsuited @ 
it, and in the course of five days no living form remained. Darts 
this time I had been able to determine very little that was consecnlirt 
but had seen enough to lead me to desire to find it again; and fot 
two following years I steadily examined all the infusions within ny 
reach, as well as all probable places besides, but in vain. And it 
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Se wi until the latter part of the summer of 1876 that I found it again. 
‘Jt appeared then, in a maceration, in which the body of a vole was 
| decomposing. The maceration was only three weeks old, and this 

organism had evidently only just arisen; it increased daily in vigour 
snd numbers, and in three weeks I was at liberty to study it con- 
tinnously. | 

for this purpose I employed the “continuous stage,” jointly — 
devised for preceding researches,* by means of which a drop of the 
nfusion could be kept under examination, without evaporation, for an 
| indefinite time, and with the most powerful lenses. : 

My method was to follow out, as far as possible, the morphological : 
details separately; and then to steadily follow one form from its 
arliest to its most mature condition; thus discovering how the 
diferent states were related, and making out an unbroken life-history. 

Most of the more difficult and delicate work was done with an 
entirely new lens, made specially for me by Messrs. Powell and 
eland; and which is nominally a 2,th inch lens. It was made spe- 
dally for this class of investigation, for which it is admirably adapted. 

Its “working distance” is sufficient; its “penetration,” for such a 
power, is extremely great, its angle being moderate; and its “ defini- 
| fin” is as sharp and clear, when properly used, as that of the finest 
th or 3th. I also had the advantage of the use of the four new i 

lenses made on a “new formula” by the same makers, viz., a ith of . 

bw angle and great penetrating power; and a th, ,},th, and ;{;th of 

ligh angles. I also used the and lenses. 

One of the difficulties attending the study of this organism was its 
extreme rapidity and caprice of movement. Its normal form is 
depicted at fig. 1, Plate 8. It is there magnified 3,000 diameters. 
Its sarcode is clear, and to all the lenses employed structureless. It is 
wually found to have minute vacuoles scattered through it. The 
lm of the body is distinctive. Its greater part is a long oval ; 
ilightly constricted a little above the middle. But from the front, or. 
thorter portion, a kind of neck (a, fig. 1) protrudes, from which pro- 13 
weds the front flagellum, which is extremely fine, and from one and ig 
half times to twice as long as the body. Below this and at the | 
ides or “shoulders” of the organism, two other long and fine flagella, | 
arise, proceeding backwards, as seen at b, c, ibid. In addition to this, | i 
there ig always a nucleus-like body slightly to one side of the lower 
Mttof the organism, as seen at d; and with the higher lenses and 

te manipulation there was frequently seen, within this, an ex- 


’ Vide “Further Researches into the Life-History of the Monads.” Monthly | 
Journal, vol. xi, pp. 97-99. 
en instead of bibulous paper is now used as the agent for conveying a con- 
Supply of evaporating moisture to the chamber in which the organisms are 
in this piece of apparatus. | 
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tremely minute globule, also indicated at d. But as this wa not 
always present, even in the normal state of the organism, it was pro. 
bably not important. | 

The extreme length of the body was the 755th of an inch, } 
rarely exceeded this and was often less. 

It swam, as I have said, with great rapidity ; and all its move, 


ments were most graceful, varied, and controlled. Its usual mode of 


motion is in a direct line, or in curves; and with its trailing 

behind and its active anterior one, it is a very remarkable object, 
But the suddenness with which it can arrest its most rapid movement, 
or change it in any direction up, down, or directly reversed, is still 
more remarkable. In this the flagella at the sides are brought into 


active operation; sometimes both being spread out like long arms; at 


other times one being stretched out and in vigorous action, while the 
other is closely pressed to the other side, and so forth, giving this 
organism a control over its movements which is of extreme interest, 
Indeed the apparent volitional mastery which this seemingly structure. 
less speck exercises over these equally structureless filaments, for the 


determination of its course, cannot be seen and studied without 


wonder. 


But besides this free-swimming movement, it was capable of the 


most vigorous motion in an “anchored” state. Most of the larger 
septic organisms belong to, or are associated with, certain condition 
of the decomposing matter ; and disappear before the advent of other 
forms, when that condition is past. This one was associated with the 


general breaking up of the decomposing animal matter; and the | 


movement which I am about to describe apparently contributed t 
this. It was a powerful springing motion. The trailing flagell 
became attached to the floor as at a,b, fig. 2, by what means conld 
never be discovered; but. the attachment was very secure and could 
be discontinued at any moment. Directly the anchorage is made, the 
two anchored flagella with the utmost rapidity coil in a spiral, as # 
c, fig. 2, bringing the body of the-organism nearly to a level with the 
floor. With equal suddenness it darts up in the line indicated by the 
arrow d, and thus having reached the limits of its flagella it mové 


down, with equal rapidity, in an arc of a circle of which the flagell | 


are the radius; indicated by the arrowe. In this way the whol 
body is brought down on the point f. But the matter to be notioel 
is, that this is never done except upon a fragment of the decomposiiy 
tissues in the infusion. And if a small fragment be taken out at ay 
time and examined, it would soon be encircled by thousands of these 


forms incessantly darting up and down upon it in the way d mig 
and careful observation showed that they, by this means, rapidly 


changed the form and diminished the size of the little particles " 
attacked. No morphological changes are at all apparent in those 
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gre in: this condition, but they are continually freeing themselves and 


svimming away and others are constantly coming. 
The changes now to be described will be understood to be given as 
the result of long-continued and repeated effort. Failure is very 


“much more frequent than success in working out the preliminary 


details, but pre-eminently so in steadily following to the end the 


changes undergone by a minute organism.* I merely record the final 


results, which have issued both from the study in detail of phases in 
the life-cycle of the organism, such, for example, as the minutiz of 
the method of fission ‘and fusion—and also from an unbroken ob- 


servation of its comparatively short life-cycle, which was three times 


peated. 
Silisine then, steadily, a normal form, which has just freed 
itself from the springing condition, as fig. 1, the first real indication 
of change, though by no means the first to be discovered, is a splitting 
of the anterior flagellum, as seen at a and 8, fig. 3, and the moving of 
the nucleus to the centre, as seen atc. With a power of from three 


tofour thoasand diameters, there may also be seen a delicate line under 


the base of the flagellum, as shown at d. In the course of from 
thirty to sixty seconds this has widely opened and the base of the 
flagellum has divided as seen at a, fig. 4, while at the same time 
the nucleus shows an incision in the direction of its length, as seen 
at bin the same figure; and a similar incision has commenced at the 
posterior end of the body, as shown at c. -In a very few seconds 


_ more, this slight incision (c, fig. 4) is the origin of a wide opening, 


agseen at a, fig. 5, above which it will be seen that the nucleus has 


_ almost divided and a pale line runs through the body-substance from 


the upper to the lower opening. The posterior opening widens much 
more rapidly than the anterior one, as fig. 6 shows, depicting a con- 
dition ensuing in from one minute to four minutes after that shown in 
ig. 5. And at this stage the nucleus has split into two and the 
divided parts occupy distinct positions, as shown at a, b. The upper 
or anterior split now widens as well as the posterior one, as shown in 
ig. 7, leaving the two parts merely united by a neck of sarcode. 


* In fact hundreds are followed which from one or more of many causes do not 
complete the cycle of their lives. It may be arrested—and frequently is—by death in 
the earlier stages, in the middle, or still worse towards the end. In the same way 
there may be failure by the individual form being lost amidst a crowd of others, or by 
tlowly working its way to the little ring of liquid at the edge of the “cover,” and 

going out into it, and so making further study impossible. Or the apparatus 
may be at a critical moment a source of trouble; the delicate balance between the 
moisture carried over by capillarity, into the chamber containing the fluid with its 
organisms, and the evaporation taking place, may by some means, such as a sudden 

ge of temperature, be broken, and nullify hours of patient and, but for that, 
secessful work. In every such case there is but one method open—it is to begin 
‘gin de novo upon another form. | 
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Great vigour of movement now ensues, but of an irregular kind: anj 
instead of being forward, is from side to side; when suddenly ty 
distance between the two parts widens, as in fig. 8, a stretched fibre of 
sarcode alone uniting them. Movement is still apparently concerted, 
and is from each other, the fibre of sarcode becoming speedily thinner 
until it has stretched to double the length of an ordinary trailing 
flagellum ; this is shown in fig. 9; and in a few seconds more, by a 
vigorous movement of each body in opposite directions, as the arroys 
indicate, the fine filament of sarcode snaps in the middle, and two 
perfect forms are thus set free by fission. ae 
The process is carried on with great vigour, and is apparently the 
only metamorphosis to which the organism is subject. In nine separate 
cases a single form was carefully followed, that is to say, a vigorons 
form in each case was watched from its first act of fission; one part of 
the divided organism being constantly followed. The whole process of 
division, from its visible beginning to its close, took place in from four 
to seven minutes; and was recommenced during the first hour in periods 
not exceeding three minutes. For the next two hours the intervals 
would be from seven to ten minutes, and after this the intervals became | 
indefinite, not being less than twenty nor more than forty minutes. 
Following the first separated segments, as represented by one part of 
its divisions, in all its subsequent separations, as begun and carried on 
by nine separate organisms in which fission happened for the first time, 
the terminus of the process of fission in the last of the segment-formsin 
all the cases, was death in six of the nine instances, and entire metamor- 
phosis in the remaining three. In the cases in which death ensued the 
process of fission was continued for seven hours in one case; six hours 
in three cases; and five-and-a-half hours in the remaining two. In 
the cases in which metamorphosis took place, three hours in one case, 
and four hours in the remaining two, terminated the period of fission. 
There was then inaction in this last segment-form, and the appearance 
indeed of the loss of vitality ; but the first indication of a difference be 
tween this and the more frequent cases of vital collapse, was the rapid 
“ clubbing,” or gathering into knots of the trailing flagella, followed by — 
a rapid enlargement of the nucleus, and a glittering, rapidly amoeboid 
condition of the entire body. This condition is shown in fig.10. The 
changes are now very rapid: not more than seventy seconds elapi 
before the trailing flagella are wholly fused with the body substance, — 
and while the head-and-neck-like protuberance pointed out m fig. |, 
is preserved, the body, having lost the lateral or trailing flagells, 
becomes oval;. with an immensely developed nucleus, as shown 1 
fig. 11. It swims now with great ease, but always merely m4 
straight line, and always takes a sudden dart backwards belore 
changing the direction of its motion. It may swim in this way for 


from a quarter to half an hour; but during this time a band of grt 
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nules is formed, at first faintly, and afterwards very distinctly, which 


‘s shown at a, fig. 11. In this condition it swims directly into the 
midst of a group of forms in the springing state shown in fig. 2, 


and the utmost care is needed to keep it in view; but asarule not — 


many seconds ensue before it has firmly attached itself to one of the 
springing forms, which at once unanchors itself, and both together 
swim freely and vigorously about, as shown in fig. 12. They now 
swim in concert for a very variable period, but generally from thirty- 
five to forty-five minutes, when their movements become sluggish; the 
trailing flagella of the lower form become inert and fall upon, and be- 
come fused with, the mass of sarcode; meanwhile the bodies have 
rapidly been uniting, and the two nuclei become fused together, as 
sen in fig. 13, while the anterior flagella become, in their extremely 
sluggish movements, at last, entangled with each other, and also melt 
together, as shown at 6, and all movement ceases. In the course of ten 


minutes, from this condition, all trace of the separate bodies is lost, a 


more or less regular oval form is taken, as shown in fig. 14; at the 


game time a slow amoeboid disturbance of the sarcode is visible, which 


diminishes until perfect fusion results, which occurs in the course of 
twenty minutes, all trace of the nuclei having vanished ; and the ova! 
gradually elongates until it reaches the tight, glossy, still condition 
shown in fig. 15. 


This, as previous experience had led me to expect, proved to be a 


cyst charged with spores. On the first occasion, I anticipated a long 
continuous watch; but at the end of three hours there was a sudden 
falling in the middle of the spindle-shaped sac, and a general altera- 
tion of form, which led me to earnest effort to discover some discharge. 
And that it was taking place there could be no doubt, for there was a 
rapid diminution in the size of the sac; and there were apparent frac- 
tures in the delicate. investing membrane; but nothing more than 
cloudiness at the ends could then be made out. I was using the ;th 
new formula lens (dry), and exhausted all expedients, in vain, to make 
out the real cause of the change; and as it is hopeless to attempt to 
change a lens successfully under such circumstances, there was nothing 
to be done but await another opportunity ; using another lens. This 
reth had proved of great value throughout in the detection of minute 
structure and change of form; but the kind of illumination which 
best reveals extremely minute semi-opaque bodies, is the perfect central 
illumination which I have endeavoured to describe in the “ Monthly 
Microscopical Journal,” vol. xv, page 165. That is to say, the illu- 
mination of the whole field through a circular aperture in the dia- 
phragm from the {th to the ;i,th of an inch in diameter, through 

® centre of which aperture the optical axis of the sub-stage con- 
denser, if continued, would pass. But for this special method the new 
rath is not so efficient in my hands as the ;;th, or 5th. 
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_ Having, therefore, ultimately secured another sac, I determined tp 
use the ,);th, as being, as I believed, the most suitable leng for the 
purpose. In the still condition of the sac, ample time was given for 
the most delicate adjustment of the light and of the _— and the 
watching was begun under the best conditions. 

Not the slightest movement, either within or without, is visible vl 
the cyst is in this condition; and the time over which this i | 
extended was never less than three hours, nor more than five hours, in 
the eight separate instances which I studied. In the second instanc 
the length of time which elapsed was four hours. At the end of that 
time, without reason discoverable at the moment, there was as before a 
falling in of the centre of the cyst, and an irregularity in its shape, 
with a visible and rapid diminution in size. At first nothing buta 
cloudiness at the two ends could be discovered ; but, by a little delicate 
adjustinent of light and lens there became distinctly visible an outfoy, 
from the two ends and the middle of the cyst, of the most exquisitely 
minute particles which I have ever seen; and as the quantity flowing 
out diminished, their segregation became more complete, and their 
clearness and independence more manifest. 

The nature of the “continuous stage’—which keeps the drop af 
fluid under examination from evaporating—is such as to compel the 
use of the microscope in an upright condition, in order that the stage 
of the instrument may be perfectly horizontal. On this account the 
ordinary “camera lucida”’ is of no avail, or only of use by special and 
difficult arrangements; but a beautiful little instrument, made by 
M. Nachet, of Paris, specially meets this emergency, and enables us to 
make camera lucida drawings with great ease and accuracy. I had, 
therefore, by anticipation, arranged this apparatus: and when the ou- 
flow had continued for about five minutes, made a drawing of the cyst, 
of which fig. 16, Plate 9, is an accurate copy. As, of course, the 
minute particles were in rapid movement of outflow, they were put 
into the drawing, not with camera lucida, but subsequently ; and they 
accurately represent what was seen at the time. The emission col 
tinued for about forty minutes, becoming more and more feeble, until 
at last there was no more movement. At this stage there were many 
of these minute particles well segregated round the ends of what 1 
mained of the cyst; and then I was able, not only to make a drawilg 
of the delicate white film of the cyst, but to indicate by fine dots the 
relative appearance of the cyst and the still particles. This drawig 
is reproduced at fig. 17. 

The entire details of the subsequent history of these minute bodies 
were of course only made out by several successive and continnons 
observations on the emissions of different cysts. But, in each cas, 
the lens was fixed upon some of the minute bodies that remained 
near the exhausted cyst, and then the observation was 
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and continuous to the end. When first seen, these exquisitely 
minute specks are strongly opaque; but as they are attentively 
watched with a magnification of 5,000 diameters, they, in the course 
of from twenty to forty minutes, become quite clear, and would be 
mach more difficult to find in this condition than when first poured 
out. But, following upon this, there is a distinct elongation, which is 
indicated at fig. 18, and this proceeds so that, at the end of an hour 
and a half, they were in the shape and relative size shown at fig. 19. 
On the first and second occasion on which the observations were 
made, very little was made out, except the succession of the meta- 
morphoses; but on’ subsequent occasions, when a careful scrutiny for 
the discovery of delicate changes was made, the clear, sharp, defining 
wer of the new ~,th objective was of great service; by its means I 
was enabled to discover the first indication of the origin of the anterior 
and lateral flagella inthe developing germ. At the end of an hour and 
a half after emission from the sac, the long oval form which the germ 
had taken (indicated at fig. 19) was always associated with a sharpen- 
ingat one end. This became rapidly sharper and longer, as seen in 
fig. 20, at 4 and 6. This always developed into the anterior flagellum. 
Bat at about the same time—generally about two hours after emission 
from the cyst—there were pushed out two delicate points of sarcode 
laterally, and at right angles to the beak in front; 1, 2, 3, 5, fig. 19, 
are copies of camera drawings of this condition in the minute germi- 
nating body ; and the extremely delicate lateral points were found by 
close watching to develop into the lateral flagella of the perfect form. 
The growth was now much more rapid ; fig. 21 represents the changes 
that had taken place in forty minutes after the condition depicted in 


~ fig. 20. And now slight movements began in some of the better de- 


veloped forms, such as a, fig. 21. They were not changes of place, 
but movements of the lateral and anterior flagella, and occasionally a 
change of the direction in which the bodies lay. In the course of 
another hour the neck-like protrusion at the base of the anterior 
lagellum generally appeared as shown in a, b, fig. 22, and very soon— 
m every instance less than a quarter of an hour after—short move- 
ments of translation begin, which resulted in ten minutes more, in 
graceful swimming. Fig. 23 is a copy of a drawing made of one of 


these forms that had reached the condition the drawing depicts in 


a little over four hours from the time of emission from the sac. It was 
then the 41,.th of an inch in long diameter, just one-half the size of 
the adult; but it was perfect in form, even to the possession of a 
nucleus, and swam with freedom and grace. Its increase of size from 
this time was even more rapid, for in the course of another hour it 
had passed through the size and condition seen in fig. 24, to the 


hormal parental size depicted in fig. 25. And if, after it had reached 


State, it were still persistently followed, it might be in ten or 
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fifteen minutes, but certainly within an hour, the first signs of fission 
would show themselves, as indicated in a, b, c, d, fig. 25; and from that 
time fission, in successively separated individuals, continued in agtiye 
progress for hours, as before described. 

Thus the life-cycle was completely made out. 

It may be noticed 

1. That the method of fission is both delicate and complex, being 
not merely a separation into two parts of a particle of living proto. 
plasm, but a division of distinct organs, such as nucleus and flagellum, 

2. That the transformation of the individual form, at. the terminns 
of a series of fissions, into an apparently new organism, prior to genetic 
blending (as shown in figs. 10, 11, Plate 8), is remarkable. And 

3. That the life-cycle of this form is rigid, and marked by no capriee, 
It passes regularly through the same metamorphoses. If seen in any 
given state, it could be positively affirmed through what stages it had 
passed, and through what remaining stages it must subsequently pass, 
to reach the adult condition. : | 

It now remained to determine whether the spore, or germinal par- 
ticles, emitted by the sac, possessed any capacity to resist the action of 
heat not possessed by the fully developed form. ig 

It was first carefully determined, by a method to be presently de. 
scribed, that the adult organism never survived after exposure for five 
minutes to a temperature of 142° F. : | 

For determining the amount of heat resistance possessed by this 
spore, two methods were employed :—. | 

1. The ordinary three by one inch slips of glass, used for mic — 
scopical purposes, were cut into three pieces, each of which was thusan 
inch square. These could be put into and worked with the “ continnow 
stage.” The septic fluid containing the organism was placed upon it, and 
covered in the usual way with the thinnest covering glass. It was thea 
watched with suitable lenses until, either in that or in some successive 
drop of the fluid, a cyst was seen to pour out its spores, as in fig. 16, 
Plate 9. It was then at once taken and placed in a small brass 
chamber, into the middle of which the bulb of a delicate thermometet 
was fixed, the tube fitting air-tight into the cover of the chamber, and 
the expansion of the mercury being read off outside. 

The small] square of glass containiug the fluid and spores was placed, 
as it came from the stage of the microscope, in the middle of tht 
chamber. The chamber was then closed, and heat so applied 3 i 
slowly raise the temperature of the air within. In half an hour it had 
reached the temperature I desired, which was 210° F.; and the chamber 
was kept accurately at this point for ten minutes. 

The square of glass was then taken out, cooled, and examined, an, 
of course, to the lens presented a dry amorphous aspect. ee 

Previously some of the fine capillary tubes known as “ vaccine tubes 
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had been filled with water, to which a little filtered fowl broth was 
added as nutriment. These tubes were then hermetically sealed, and 
heated up to 310° F. in a digester. These were kept in absolute 
aleohol, so that the outsides of the tubes might not contract dust, and 
forth. 
"The contents of these tubes were now used to remoisten the dried 
fim beneath the cover-glass. The ends of the tubes were broken off, — 
and by capillarity the fluid was drawn beneath the cover, at the edge 
of which the now open end of one or more of the tubes was applied. 
In this way a plentiful supply of moisture was given. | 
It was now placed again iu the “ continuous stage”’ and examined. 
Atthe end of four to five hours the fluid film looked almost every- 
where clear, and as it appeared before heating; but I was not able by 
any method I employed to discover the minute spores, nor could I find 
in this one the earlier stages of development; but at the end of seven 
hours, while “searching ” with a low angled ;/;th inch objective, I 
saw three forms in about the state of development shown in fig. 23, 
Plate 9; and in the course of another hour a great increase in their 
number had taken place, and in three separate instances they were 
followed from the time they were first seen into full development and 
the commencement of fission. 
- When more cysts were found this entire process was again repeated 
twice at the same temperature, and at the expiration of ten and eleven 
hours respectively adult forms in full activity were found; and in the 
latter of these two instances I discovered the organism when it was in 
the still condition of development, represented in figs. 20 and 22, 
Plate 9. It was thus manifest that by this method of heating a tem- 
perature of 210° F'. could be completely resisted. | 
Following the above process in every particular, I next, as they 
could be found, subjected the spores to 260° F. I did this on three 
glass squares (as before) in succession. But in no one of these did 
_ the organism reappear, although examination was repeatedly and care- 
fully made for five days. | 
It thus appeared that a temperature of 260° F. applied in this way 
was fatal to the form, for on taking a needle-point of the septic fluid 
containing the organism in abundance, and, touching the edge of the 
fluid with it, I found that in the course of four or five hours there were 
hundreds swimming in full vigour, showing that the fluid was capable 
of sustaining the organism, if it were in a vital condition in the fluid. 
I next experimented at 10° F. lower, viz., 250° F. I did this on the 
contents of two separate cysts. In the one case, after ten hours, there 
Was & re-appearance of the living organism, but only two or three 
adults could be then found; and the increase that afterwards ensued 
was dependent upon fission, for no small forms could be seen. In the © 
er case, there was rather a larger number of adults at the end of 
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between nine and ten hours, but their number was far fewer than in 
those instances where a lower temperature had been employed. 

I followed this with four more experiments, separately and gnoges. 
sively made. Two of them were at a temperature of 248°, and two at 
252° F. In both of the former, at the end of nine or ten hours, the 
complete organism in full vigour could be seen ; and, in one of the 
it was discovered in the still condition shown at fig. 20, Plate 9, and 
watched until the organisms had attained the condition indicated ip 
fig. 24, Plate 3. 

_ But in the two latter instances (heated up to 252°) the living form 
did not re-appear during the six days following, although repeatedly 
looked for. 

_ I concluded, therefore, that the temperature of 250° F. was the 
limit of endurance which the spore of this form could bear by this 
method of heating. 

Now, it must be noticed that in testing the death-point of the 
adult, as I shall presently show, a fluid heat was employed. But the 
spore can hardly be said hitherto to have been heated in the same con. 
ditions. Doubtless, in the heating chamber the higher temperatures 
are endured after evaporation, and consequently the heat is “dry.” 
But after years of thought on the matter, no other way has suggested 
itself to me as possible, for the attaining of the result, by other means, 
What is required is, that we should know beforehand, that in the drop 
of fluid exposed to a given heat, the spores of a given organism in a 
freshly emitted condition, and, therefore, before development had begun, . 
were present. And, moreover, that it should be so placed that after 
heating it should be in such conditions as would admit of the useof 
the highest power lenses to discover if the spores, known to have been 
deposited there, would, after subjection to the thermal conditions 
given, develop as they had been demonstrated to do before heating. 

Now, there are two ways of doing this. The one is approximale 
It is by long and intimate acquaintance with the history of the 
organism, and a careful and close study of the condition of the fluid— 
by which means it is possible to come very near to the highest probe. 
bility—that the spores in the required condition are there. But in thi 
case negative results must be extremely perplexing. The other way® 
to see the spores actually emitted in the drop of fluid that is toh 
heated. This'is the only certain method; it is most exhausting aud 
laborious, but its results are certain, and therefore I have employ ed it 
in this case. But to adopt the supposition which Dr. Bastian bas 
recently done,* that to heat a given monad spore in a given condition - 


* On the Conditions Favouring Fermentation, &c., “‘ Linnean Soc. Jour.,” vol. si 

This paper contains some curious inaccuracies of statement as to facts—evidently 
_ the results of misapprehension on Dr. Bastian’s part—concerning the results of 
thermal experiments made by Dr. Drysdale and myself on the Monads. These ocom# 
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4) fluid is “ perfectly easy,” is a serious mistake. He thinks that we 


have nothing to do but to “put one or two drops of the fluid into 
g small tube... - hermetically seal it, and then heat it for ten 
minutes or more to different degrees before subjecting the fluid to a 
rolonged microscopical examinatior.” 

Certainly this is a “‘ perfectly easy” method; but it must fail entirely 
to secure the end in view. What certainty could we have that the 
spore—in the‘only useful condition for experiment—the freshly emitted 
state—would be in the “ one or two drops?” Spores in various stages 


of development undoubtedly would be there. But I make no affirmation — 


about these. There can scarcely be a doubt that germs parily developed 
must succumb at a far lower temperature. Then it follows that 
the certainty and the uniformity of results must depend upon the 
certainty we possess, as to whether the spores were in the fluid before 
heating or not. And when we remember that the phenomenon of 
fission may, in some monads, go on in a drop of fluid under examina- 
tion as the sole method of increase for a week or more; and that, in all 
cases the production of the spore is extremely rare in relation to the 
other morphological changes, the force of this will be even more 


manifest. 


Bat in thinking out the best method of determining as delicately 


as possible the thermal death-point of the adult, it occurred to me, 


that having demonstrated the existence of the spore, and having watched 
the development after it had endured given heat-conditions, that it 
would be possible to adopt means for comparing the differences that 


might exist between the destructive influence of a given temperature 


endured in “ dry” and moist conditions respectively. . 
My plan was to arrange the form of the vessel in which the fluid was 
heated, so that without subsequent transference or exposure the fiuid 
could be directly examined by the lens. This end was secured by 
means of extremely delicate glass blowing. The apparatus is pre- 
sented in diagram at figs. 26 and 27.* In fig. 26 A is a hollow bulb, 
intended as a reservoir for an infusion containing any required 
organism or Organisms. The infusion is put in through the funnel 
and tube B. The bulb A opens into a tube D on the opposite side, 


onthe 77th page of the paper, and will be referred to in a paper which I hope 
shortly to send to the Royal Microscopical Society. 7 | 

* A large number of these pieces of apparatus have been made for me by a friend, 
‘amateur. But for exquisitely finished and accurate work I have been enabled to 
obtain them nowhere as they are produced by Mr. Gimingham, whose remarkable 
dexterity in the production of the radiometer bulbs is well known. He has from 
time to time made them for me, in various forms, and in a manner that leaves 
nothing to be desired. The principle of the apparatus is one that was adopted 
jointly by Dr. Drysdale and myself in the study, still proceeding, of the bacteria. 


But the forms of the apparatus, as described above, were made for these present 
investigations, 
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and this tube terminates in a delicate closed and flattened cell Q, } 
a microscopical point of view this cell is the most important part of 
the apparatus. It is a flattened bulb, and its upper and under wal, 
are films of glass, varying in different pieces of the apparatus from 
the to the of an inch thickness; and the space between 
these walls may vary from the z'5th to the ;{5th of an inch in depth, 

We thus have a perfect cell, completely closed, the contents of 
which can readily be studied with the aid of the most powerful lenges, 
The walls of the cell are of course not as absolutely even and smooth 
as the thin “covering glass” usually employed with high power 
lenses: but it isin the majority of cases beautifully level and clear, 
when the manner of its production is remembered. Of course [ 
should never have employed these cells for the purpose of discovering 
delicate and unknown details; but they answer admirably for deter. 
mining the presence or absence of phenomena, the nature of which is 
well known beforehand. 

It is manifest then, that if a fluid be put in the bulb and stand at 
the level of the dotted line A, that it will fill and be in communication | 
with the cell C. : 

E is a hollow bulb filled with calcined air, and hermetically sealed; 
but it does not communicate with the bulb A on account of the presence 
of a thin glass partition or septum F. The object of this is, that when 
by boiling, the air has been driven out of the bulb A, and the whole 
interior space has been hermetically sealed at J, air may be again m- 
troduced ; which is accomplished thus: H isa pointed piece of pl- 
tinum wire, heavy enough by a sharp shake to break the septum Ff, 
but too large in diameter to pass through the neck G, but of course 
the calcined air immediately enters and restores to the fluid its normal 
conditions. | 

Fig. 27 is precisely the same as the above, the same letters referring 
to the same parts in both; but it has an addition to it marked MN. 
This is a tube opening at N into the bulb A, but until needed the 
communication of the tube with the interior of the bulb is prevented 
by the thin partition L. The object of this is, that supposing a give 
infusion to have become sterilized in relation to a certain organism, 
by any ascertained temperature, to determine whether nevertheless 
the fluid is still capable of sustaining the organism if it be reimtr- 
duced. To do this, a piece of platinum wire, as before, is taken and 
touched with a fluid in which the living organism abounds; it is then 
placed in the tube K. The tube is then sealed at M; the piece of 
platinum is shaken sharply, breaks the septum L, and falls into the 
fluid, inoculating it. In relation to the particular organism 10¥ 
being considered, this, however, was not required. . 

The first important matter to be taken into account was the death 
point of the adult. A piece of apparatus similar to fig. 26 was used. 
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When the fluid containing the organism was inserted, a large number 
of the organisms was seen by the lens in the cell C. The whole 
tus was now placed in a copper vessel with cold water, the 


: water just covering the bulb A, and a thermometer was placed in the 


water. A Bunsen’s burner was used for heating, which had minute 
jets springing from a tube bent in the form of a parallelogram, corre- 
ing to the form of the vessel. The heat was now applied, so 
that the water rose in temperature with extreme slowness. It was 
taken out directly the thermometer read 100° F., and at once examined. 
Several of the organisms were at once visible: but the great majority 
of them were quite still, and the only movement discoverable was a 


more or less languid movement of flagella, the bodies being motion- | 


less. In seven minutes a form sailed slowly across the field, but I 
preferred to keep my attention fixed on those which I had seen from 
the first. In the course of three-quarters of an hour the flagella of ten 
forms were all vigorously working, and the bodies began to move, and 
in an hour and a-half from the time of being taken out, the whole field 
was as active as before heating. | : 

In the same manner the fluid was next raised to 130° F. On exami- 
nation the immediate effect was more marked, the inaction more com- 
plete. Only one flagellum was seen to move in the whole field. But 
in the course of half an hour the flagella were gently swaying, and in 
two hours the same individuals were swimming freely. 

When, however, the fluid was raised to 140° F., the inaction was 
absolute when the cell was first examined, and only one-fourth of the 


_ individuals in a selected field revived. These did so in the course of 


three hours, but the remainder did not move to the end of the day, 
and were in the same position and inactive on the morrow ; and it was 
subsequently shown, by the same means, that a temperature of 142° F. 
was entirely destructive of the vitality of the adult. 


The next step was to ascertain the effect of the boiling point upon 
the spores. | | 


To be quite sure that spores, in the condition required, were in the 


‘fnid, a thin circle of glass was cut that would lie upon and take the 


place of the ordinary floor of the “continuous stage.” By this means 


‘fa deposit of spores were seen to take place, it could be readily re- 


moved bodily from the microscope. Qn the under surface of this circle 
of glass a few lines with the diamond were made, in convenient places, 
to facilitate its subsequent fracture. On this then, in the stage, pro- 
perly covered as usual, the fluid was hunted and watched, and fresh 
drops taken until a cyst was seen, and then watched until it burst. 
The circle: of glass on which this happened was now taken carefully 
away from the microscope and broken, so that the pieces containing the 
linid drop fell into the funnel B, fig. 26. The fluid containing the 
organism in abundance was now poured over these down the tube and 
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into the bulb A, carrying with it the fluid on the fragments of plasg 
which contained the just emitted spore. Thus it was known th 
spores in the condition required were actually in the apparatus, 
The whole was now placed in a suitable vessel with solid whit 
paraffin, which was slowly melted, covering when ina fluid state the 
whole bulb A. The heating of the paraffin was extremely gentle and 
it was raised as much above the boiling point of water as wag ep. 
sistent with a gentle ebullition of the infusion A. This was continned 
for ten minutes. The tube J was then hermetically closed before the 
ebullition had ceased, and was removed from the paraffin and carefully 
wiped while hot. The piece of platinum H was now shaken sharply 
upon the septum F’, and the calcined air contained in E was admitted 
into the bulb A, the platinum remaining on the top of the passage 6 


_ which was too small to admit of its entrance into A. In this way the 


normal conditions of the infusion were as far as possible restored. 

The cell C was now fixed upon the stage of the microscope, and 
could be carefully examined with the most suitable lenses; and from 
the fact that the cell was closed, ‘‘immersion ” lenses could be em- 
ployed, which gave an advantage in working. 

I first employed an immersion ;;th. - But nothing was at all visible 
but Brownian movement, and during the next seven hours no trace of 
the organism could be found. The whole was now left for six hous 
more, and then the entire cell was carefully ‘“ searched” with an im- 
mersion ;=;th. At the close of an hour and a half three of the orga- 
isms, one in the adult condition, and two in the semi-developed state 
shown in fig. 24, were found swimming freely; and in the cours of 
the next few hours the cell was freely visited by the organism in fill 
vigour. 7 

The length of time that elapsed before the organism 4 in 
the cell, I presumed to be explicable by the fact, that it took a ca 
siderable time for it to arise, in sufficient quantity, in the reservoir A 


to render it probable that it would migrate into the cell C; and this 


supposition was sustained by subsequent facts. = 

It was clear, then, that 212° F. was a temperature not destructive of 
the germ when endured in a fluid condition. | 

To reach higher temperatures it was, of course, needful to employs 
digester. For this purpose tubes alone were employed, which wer 
terminated in the cell C, fig. 26, but the bulb A and all its appendage’ 
were dispensed with; the tube D, for example, terminating at one end 
in the delicate cell C as before, but at the opposite end in the place 


of A was a simple funnel for the delivery of the infusion into D. 


When the spore in the required condition had been found and placed 
in the funnel as before described, the fluid was inserted as before, 
the tube was then hermetically sealed. : 

It was now placed in a small digester, with a register for pressure 
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snd heated up to the temperature of 240° F., 10° F. below the death- 
point in the dry condition. It was kept at this for five minutes. 

As soon as it could be conveniently taken from the digester it was 
Jaced in a “cradle” on the stage of the microscope. Nothing but 
violent Brownian movement was visible anywhere; and nothing more 
than this could be seen by the end of twelve hoars, although the search 
was very strict and systematic. For the next twenty-four hours no 
other result ensued, and at the end of six days there was no trace of 
the organism. The question now arose as to whether any incapacity 
to sustain the organism had been superinduced. For this purpose the 
tube was opened at its sealed end, and a small piece of platinum wire 
which had been immersed in the fluid containing the living organism 
was dropped into it. It was then sealed again and examined. In 
the course of twenty minutes seven of the introduced organisms were 
seen, and in the next two days they were present in great abundance. 

It thus became manifest that the previous sterility of the fluid in 
the cell was due to the destruction of the germs, or spores, by the heat 
to which the infusion had been subject. 

Another tube was now taken, and after preparation in all respects 


inthe same way, was heated in the digester to 230° F., and kept at 


that for five minutes. | 

The result was precisely the same as in the preceding instance. 
There was no trace of the living organism from the first, on to the 
end of a week. But in this case also, inoculation reintroduced it 
successfully, and it flourished. : 
_T now determined that 220° F. should be tried; and after.the tube 
and its contents had been arranged as before, it was heated to that 
point, and kept in that condition for five minutes. 
_ When first examined with a suitable lens, as before, nothing but the 
well-known Brownian movement was visible. And this remained true 
for the first five hours, although the whole cell was carefully examined 
with the new formula ;,th and th inch objective, and repeatedly 
“Searched ” with the th. But during the sixth hour I became con- 
vinced that the organism in a developing condition was present; it 
was in a part of the cell immediately under the tube ; and in the course 
tf a few minutes I was perfectly satisfied that the organism in the 
condition represented at fig. 22 was there, but only five could be seen; 


these, however, increased in size as usual, and in the course of forty 


‘minutes three of them began gracefully to move, and following one of 
them I saw it attain to the usual adult condition. The next day the 
cell had scores of the organisms swimming in it. 

This experiment was now repeated, every detail of preparation being 


‘before. The results were similar; that is to say, the living organism. 


lappeared ; but it was not found until the seventh hour, and then it 


Was freely swimming and in an almost perfect condition. Buti could 
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not at this time find more than this one; but in the course of some 
hours several more were present, perhaps as the result of fission, 

From this it appeared plain that the spores had survived a tempera. 
ture of 220°F. in a fluid heat: but by a series of subsequent testy 
conducted in precisely the same way, I found that if 220°F. might 
not be considered the limit of temperature which the spore conld 
survive, at least this organism never showed itself again after heating 
the spore to 222° F. | , | | 

It thus appears that in this particular organism the dry heat is 
considerably less destructive of the vitality of the spores than the 
moist heat. That there is, indeed, a difference of 28° or 29° F.; or, 
speaking broadly, we might say 30° F. | 

This is undoubtedly a difference of considerable importance. Buta 
temperature of 220° F. resisted successfully at all, implies of necessity 
actual protection of some kind. I shall not attempt to theorize upon 
or suggest what that may be; but it is manifestly not beyond the 
reach of chemical and physical science to approximate to an explana. 
tion, whilst biological science furnishes analogy in higher and more 
complex departments of its researches. One thing is absolutely 
certain; which is, that the optical condition of the freshly emitted 
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spore is quite distinct from that which it presents in from thre. 


quarters of an hour to an hour after development has commenced. It 
is to the comparative opacity of the newly emitted germs that their 
visibility at that time is due. Hence they are most certainly dis- 
covered by means of a shaft of alnost parallel light the 53, of a 
inch in diameter at right angles to the plane on which the spore ar 


lying, and their imperfect transmission of this reveals them. Bat in 


the course of an hour they become far more transparent than even the 
adult form. This is undoubtedly the result of the vital processes 
volved in germination. The sarcode is in a fluid condition and cannot 
resist the heat that surrounds it—a constant current of liquid must be 
passing in and out of the sarcode by imbibition and exosmosis. The 
result must be the circulation through the sarcode of fluid at a tempe- 
rature destructive of the vital processes. Hence the destruction of 
the adult at 142° F.. and there can be little doubt but the young 
germinating form would be destroyed, for the same reasons, at the 
same or—perhaps from the probably greater intensity of the vital 
processes—even a lower temperature. But in the spore, the vital 
activities of the developing protoplasm have not commenced ; the 
sarcode is in all probability in a fixed state; and a protective condi- 
tion of that sarcode, resisting the diffusion of heat through it, is by ™ 
means difficult to understand. Indeed it will be palpably of service 
to the organisms, and like desiccation enable them to overcome the 
extreme vicissitudes of condition in temperature, drought, and 80 
forth, to which over the surface of the earth, they must, as septic , 
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isms, be exposed. But from a series of experiments on the spore 
of such of the ‘“‘monads ” whose Life-Histories were worked out by 
Dr. Drysdale and myself, as I have been enabled to get again during 
the last two years, I have been able to satisfy myself that 30° F. is by 
no means the fixed difference between the power of thermal resistance 

by the spores of these forms when heated in a dry and a 
moist condition. There is considerable variety in this matter, and 
variety which in all probability, nothing but a perfect acquaintance 
with the vicissitudes through which by adaptation they have survived 
in their evolutional history, could explain. 

In conclusion, without entering into details, I may observe that 
these forms have, as far as my observations have extended, a far 
greater capacity to resist heat than the bacteria; but their distribution 
is far more limited. 


DESCRIPTION OF PLATES. 
PLates 8 and 9. 


Figure 1. The nornral form of the organism described; d being the nucleus. 

Figure 2. The representation of the mode in which it appears by mechanical means 
to breakup the decomposing tissues of the animal matter in the macera- 
tirn. a, & are points at which its lateral flagella are “anchored ;”’ it then 
rawd’ its body down, coiling the flagella into spirals seen atc; it then 

~ 4prings up and forward in the direction of the arrow d, and with the 
' {flagella as a radius darts rapidly down upon a piece of tissue in the arc of 
, }, aeircle shown by the arrow e. 

Figure 3. The first indications of fission are seen at a, 6, and the nucleus has 

| moved to the centre. some 

Figure 4. Fission is in progress as seen at a and c, and in the nucleus 5. 


* Figure. ‘It is still progressing; a pale iine runs through the dividing body, and the 


nucleus has separated. 

Figure 6. Fission still further advanced. | 

Figure 7. Only a neck of sarcode now unites the bodies; this is sharply pulled, and 
results in a thin fibre connecting two forms as seen in fig. 8. 

Figure 9, This has stretched as here drawn; the bodies pulling in the direction of 
the arrows, until the fibre snaps in the middle, and two perfect forms go 
free. 

Figure 10. At the terminus of a series of fissions in about a third of the cases, the 

body becomes changed, slow of movement, and ameeboid, as here drawn : 
and then rapidly changes into the shape seen in fig. 11. 

Figure 12. The form shown at fig. 11, after forming a band seen at a goes into the 
midst of a group in the “ springing” state, and speedily unites itself to 
one, which at once goes free ; and they swim together as in this figure. 

Figures 13, 14, 15, 16, 17. Represent different progressive stages of fusion, which 
terminate in a still sac (15), which ultimately opens and pours out spores 
(16, 17). 

igures 18—25. Different progressive stages in the growth of the emitted spores. 

Figure 26, A piece of glass apparatus for testing the thermal death-point of the 
adult, and for discovering whether or not the boiling-point in a fluid 
destroys the germ. ‘The cell c enables this to be determined by micro- 
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scopical examination directly, without any transference of the infusion 
and the bulb E being filled with calcined air, enables the 
when the whole piece of apparatus is closed at J, to restore air to the 
bulb A containing the infusion, by breaking the thin septum F by means 
of the comparatively heavy piece of platinum H, which opens a commu. 
nication between E and A. | : 
Figure 27. Is the same as the above, except for the added tube MN. This iy 
intended to be used if the fluid should prove to be sterilized, for the 
purpose of inoculating it again by means of a piece of platinum which 
is charged with the fluid in which the organism is abounding. This jg 
introduced into the tube, which is at once closed at M. It is then made 
to break the septum L, and falls into the fluid inoculating it, to discover 
if it still has the power to sustain the organism. 
All the drawings of the organism are magnified 3,000 diameters, except 
where otherwise indicated on the plates. 


II. “ On the Reversal of the Lines of Metallic Vapours.” By G, 
D. Livetne, M.A., Professor of Chemistry, and J. Dewar 
M.A., F.R.S., Jacksonian Professor, University of Cambridge. 
No. II. Received March 26, 1878. | 


Since our last communication to the Society we have succeeded in 


reversing characteristic lines of the vapours of rubidium and cesium. © 


Considering the known volatility of these elements, and the smal 
quantity of their compounds at our disposal, we thought it better to 
try the effects first in glass tubes. For this purpose a piece of com- 
bustion tubing had one end drawn out and the end turned up sharply, 
and sealed off (like an ill-made combustion tube of the usual form) 90 
as to produce an approximately plane face at the end of the tube; 4 


small bulb was then blown at about an inch from the end, and the 


tube drawn out at about an inch from the bulb on the other side, 80 
to form a long narrower tube. Some dry rubidium or cesium chlo- 
ride was next introduced into the bulb, and a fragment of fresh cut 
sodium, and tbe narrow part of the tube turned up, so as to allow the 
tube and bulb to be seen through in the direction of the axis of the tule. 
The open end was then attached to a Sprengel pump, and the air ér- 
hausted; the sodium was then melted, and afterwards either dry 
hydrogen or dry nitrogen admitted, and the end of the tube sealed off 
at nearly thé atmospheric pressure. We found it necessary to hav? 
this pressure of gas inside the tube, otherwise the metal distilled #9 
fast on heating it that the ends were speedily obscured by condensed 
drops of metal. Through these tubes placed lengthways in front of 
spectroscope, a lime light was viewed. On warming the bulb of 8 
tube in which rubidium chloride had been sealed up with sodium, 
D lines were of course very soon seen, and very soon there appeared two 
dark lines near the extremity of the violet light, which, on measuit 
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ment, were found to be identical in position with the well-known violet 
fines of rubidium. Next appeared faintly: the channelled spectrum of 
sodium in the green, and then a dark line in the blue, very sharp and 
decided, in the place of the more refrangible of the characteristic lines 
of cesium in the flame spectrum. As the temperature rose these dark 


 jines, especially those in the violet, became sensibly broader ; and then 


another fine dark line appeared in the blue, in the place of the less refran- 
le of the cesium blue lines. During this time no dark line could 
de observed in the red, but as the temperature rose a broad absorption 


band appeared in the red, with its centre about midway between B_ 


and(C, ill-defined at the edges, and though plainly visible not very dark. 
The lines in the violet had now become so broad as to touch each other 
and form one dark band. On cooling, the absorption band in the red 
became gradually lighter without becoming defined, and was finally 
overpowered by the channelled spectrum of sodium in that region. 
The double dark line in the violet became sharply defined again as the 
temperature fell. There are two blue lines in the spectrum of rubidium 
taken with an induction-coil very near the two blue lines of cesium, 
bat they are comparatively feeble, and the two dark lines in the blue 
which we observed in the places of the characteristic blue lines of 
cesium we believe must have been due to a small quantity of cesium 
chloride in the sample of rubidium chloride. These blue lines were 
not, however, visible when some of the rubidium chloride was held in 
the lame of a Bunsen’s burner, nor when a spark was taken from a 
sdlution of the chloride; but the more refrangible of them (Csa) was 
visible in the spark of an induction-coil, without a Leyden jar, taken 


_ between beads of the rubidium chloride fused on platinum wires. 
When a tube containing cesium chloride and sodium was observed, — 


inthe same way as the former, the two dark lines in the blue were 
seen very soon after the heating began, and the more refrangible of 
them broadened out very sensibly as the temperature increased. The 
usval channelled spectrum of scdium was seen in the green, and an 
additional channelling appeared in the yellow, which may be due to 


' cesium or to the mixture of the two metals. We have at present no 


metallic cesium wherewith to decide this question. Indeed the cesium 
chloride used was not free from rubidium, and the dark: lines of 
rubidium were distinctly seen in the vivlet. 


It is remarkable that these absorption lines of csesium coincide 
with the blue lines of cesium as seen in the flame, not with the green . 


line which that metal shows when heated in an electric spark of high 
density. It is to be observed, however, that when sparks from an 
induction-coil without a jar are taken between beads of cesium chlo- 
nde, fused on platinum wires, a spectrum similar to the flame spectrum 
seen, and it is only when a Leyden jar is used that the spectrum is 
reduced to a green line. In like manner both the violet lines of 
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rubidiam are reversed in our tubes, and both these violet lines are geen 
when the spark of an induction-coil, without jar, is passed between 
beads of rubidium chloride fused on platinum wire, though only one of 
them appears when a Leyden jar is used. 

We have not repeated these observations on cesium and rbidinn 
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‘in iron tubes, because the light emitted from the hot iron does not 


extend so far into the violet as the rubidium lines, and the amount of 
cesium at our command at present is very small. 

_ We have extended our observations on the absorption of magnesium 
and of mixtures of magnesium with potassium and sodium, using iron 
tubes placed vertically in a small furnace fed with Welsh coal, as 
described in our former communication. : 


The result of several observations, when commercial magnesium | 


(7.e., magnesium with only a small percentage of sodium in it) was 
used, is that the absorption produced by magnesium consists of— 

(1.) Two sharp lines in the green, of which one, which is broader 
than the other, and appears to broaden as the temperature increases, 
coincides in position with the least refrangible of the b group, while 
the other is less refrangible, and has a wave length very nearly 5,210. 
These lines are the first and the last to be seen and very constant, 
and we at first took them for the extreme lines of the b group.* 

(2.) A dark line in the blue, always more or less broad, difficult 
to measure exactly, but very near the place of the brightest blue 
line of magnesium. This line was not always visible, indeed rarely 
when magnesium alone was placed in the tube. It was better seen 
when a small quantity of potassium was added. The measure of-tie 
less refrangible edge of this band then gave a wave length of very 
nearly 4,615. It was also seen when sodium and magnesium were 


used together, but it was more difficult to get a measure of it in this 


case, as the sodium obscures the blue part of the spectrum. A measure 
taken when sodium was used gave a wave length 4,580, but this can 
only be regarded as an approximation. 

(3.) A third line or band in the green rather more refrangible 
than the 6 group. This is best seen when potassium as well Le 
magnesium is introduced into the tube, but it may also be seen with 
sodium and magnesium. The less refrangible edge of this band 18 
sharply defined, and has a wave length about 5,140, and it fades away 
towards the blue. = 

These absorptions are all seen both when potassium and when sodium 
are used along with magnesium, and may be fairly ascribed to mag: 
nesium, or to magnesium together with hydrogen. 

But besides these, other absorptions are seen which appear to be due 
to mixed vapours. : 


* On one occasion a dark line corresponding to 52 was also seen. 
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(4.) When sodium and magnesium are used together a dark line, 
with ill-defined edges, is seen in the green, with a wave length about 
5300. This is the characteristic absorption of the mixed vapours of 
sodium and magnesium, it is not seen with either vapour separately, 
por is it seen when potassium is used instead of sodium. 

(5.) When potassium and magnesium are used together, a pair of 
dark lines are seen in the red. The less refrangible of these sometimes 
broadens into a band with ill-defined edges, and has a mean wave 

of about 6,580. The other is always a fine sharp line, with a 
wave length about 6,475. These lines are as regularly seen with the 
mixture of potassium and magnesium as the above-mentioned line 
(5,300) is seen with the mixture of sodium and magnesium, but are 
not seen except with that mixture. — : 3 

(6.) On one occasion, with a mixture of potassium and magnesium, 

another dark line was seen in the blue, with a wave length nearly 
4820. This line is very near one of the bright lines, seen when sparks 
from an induction-coil, without a Leyden jar, are taken between 
electrodes of magnesium, and may very likely be due to magnesium 
alone, and not to the mixture of vapours, as we only observed it on 
one occasion. 

There is a certain resemblance between the absorptions above 
ascribed to magnesium, and the emission spectrum seen when the 
sparks of a small induction-coil, without Leyden jar, are taken be- 
tween electrodes of magnesium. This emission spectrum is the same, 
with the addition of some blue lines, as that seen when the sparks are 
taken from a solution of magnesium chloride, as accurately described 
by Lecoq de Boisbaudran (Spectres lumineuz, p. 86), and as that seen 
~ In burning magnesium (Dr. W. M. Watts, Phil. Mag., 1875), and 
consists, as we have observed, of lines with the following wave 
lengths :—4,481, 4,590 (Thalén 4,586), 4,570 (Thalén 4,565), 4,797, 
4930, 4,945, 4,957, 4,969, 4,980, 4,990, 5,000, the well-known b group, 
and 9,528 (Thalén). 

The pair of lines (1) correspond nearly with the b group, but 
slightly displaced towards the red; the shaded band (3) corresponds 
less closely to the series of seven lines 5,000 to 4,930, which pro- 
gressively decrease in brightness towards the blue, and is also a little 
less refrangible than that series; the broad line in the blue (2) cor- 
responds to the pair of lines 4,570 and 4,590; and the remaining line © 
(6) with the line 4,797, also both displaced a little towards the red. 
No absorption corresponding to the extreme lines 4,481 and 5,528 was 
observed. There is plainly no exact reversal except of the line , and 
even in that case it may be an accident if we suppose the two dark 
lines (1) to represent the extreme line of the group b. It may be 
noted in connexion with this that the absorption lines described by us 
m our former communication as seen with sodium and potassium 
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(wave lengths 5,510 and 5,730) are near to, but more refrangibly 


than, well-known emission lines of those elements, 
The absorptions produced by the mixtures of vapours plainly offe 
a wide field for further observation. At present we have not succeeded 
in observing those produced by mixtures of vapours other than thoge 
here recorded; and it seems needful to use tubes of a less fusible 
material than iron, which, notwithstanding the protection of fire. 
clay, very quickly gives way at the temperatures we have used, 
_ With regard to those above described, we may observe that there 
is in the solar spectrum an absorption line, hitherto unaccounted for, 
closely corresponding to each of them. Thus, on Angstrom and 
Thalén’s map there are dark lines at 6,580 and 6,585, with more or 
less continuous absorption between them, a broad dark line between 
6,474 and 6,475, and a dark line at 5,300. There are also dark lings 
nearly, if not exactly, coincident with the series of seven bright lines 
of magnesium above described, which we have not seen strictly re. 
versed. The coincidences of the series of the solar spectrum hitherto 
observed have, for the most part, been with lines given by dense 
electric sparks ; while it is not improbable that the conditions of tem- 
perature, and the admixtures of vapours in the upper part of the solar 


atmosphere, may resemble much more nearly those in our tubes. 
We intend to pursue our observations, using higher temperatures, 


if we can obtain tubes which will stand under those circumstances, _ 


III. “ Preliminary Note on Experiments in Electro Photometry” 
By Professor JAMES Dewar, F.R.S., Jacksonian Professor 
University of Cambridge. Received March 26, 1878.. 


Edmond Becquerel, in the year 1839, opened up a new field of 
chemical research through the discovery that electric currents may be 
developed during the production of chemical inter-actions excited by 
solar agency. 

Hunt, in the year 1840, repeated, with many modifications, Bee- 
querel’s experiments, and confirmed his results. Ve 

Grove, in 1858, examined the influence of light on the polarized 
electrode, and concluded that the effect of light was simply am 
augmentation of the chemical action taking place at the surface of the 
electrodes. | a 

Becquerel, in his well-known work, “La Lumiére,” published m 
1868, gives details regarding the construction of an electro-chemical 
actinometer formed by coating plates of silver with a thin film of the 
sub-chloride, and subsequent heating for many hours to.a temperature 
of 150° C. | | 


_ Egeroff, in 1877, suggested the use of a double apparatus of 
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Becquerel’s form, acting as a differential combination, the plates of 

silver being coated with iodide instead of chloride. 

| The modifications of the halogen salts of silver when subjected to 
the action of light have up to the present time been used most success- 


fally in the production of electric currents, and although mixtures of. 
photographically sensitive salts have been shown by Smee to produce 


currents of a similar kind, yet no attempt has been made to examine 
| the proper form of instrument required for the general investigation 
of the electrical actions induced by light on fluid substances. 

‘This subject has occupied my attention for some time, and the com- 
pleted investigation I hope to present to the Society. In the mean- 
time the following description will give an idea of the method of in- 
vestigation. 


A little consideration shows that the amount of current produced by 


 gdefinite intensity and quality of light acting during a short period of 


time on @ given sensitive substance in solution, is primarily a function 


of the nature, form, and position of the poles in the cell relatively to 


the direction in which the light enters, and the selective absorption, 
concentration, and conductivity of the fluid. a 

The diffusive action taking place in such cells complicates the effects 
and is especially intricate when insoluble substances are formed. In 
order to simplify the investigation in the first instance, poles that are 
not chemically acted upon, and a sensitive substance yielding only 
soluble products on the action of light, were employed. For this 


purpose platinum poles and chlorous acid or peroxde of chlorine were, 


selected. | 
’ wirefixed as closely as possible to the inner surface where the light 
enters, the other pole being made of thicker wire placed deeper in the 
fluid. 

Asthe action is confined to a very fine film where the light enters, 
the maximum amount of current is obtained when the composition of 
the flnid is modified deep enough to isolate temporarily the front pole 
- nthe modified medium. Under these conditions the formation of 
—— is avoided, and the maximum electromotive force ob- 
In cells of this construction the amount of current is independent 
of the surface of the fluid acted upon by light, so that a mere slit 
rufficient to expose the front poles acts as efficiently as a larger surface. 

prevents the unnecessary exhaustion of material and enables the 

tell to be made of very small dimensions. By means of such an ap- 
paratus the chemical actions of light and their electrical relations 
may be traced in many new directions. | | 

The amount and direction of the current in the case of chlorous 
tcid ig readily modified by the addition of certain salts and acids, and 


The best form of cell had one of the poles made of fine platinum. 
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thus electrical variations may be produced, resembling the effects 
observed during the action of light on the eye. o 
Certain modifications taking place in the chlorous acid by 
to light increase its sensibility, and as a general result it is found tha 
the fluid through these alterations increases in resistance. We haye 
thus an anomalous kind of battery where the available electromotive 
force increases with the resistance. The addition of neutral substances 
which increase the resistance without producing new decompositions 
improves the action of the cell. | 
Care has to be taken in these experiments to use the same apparatus 
in a series of comparative experiments, as infinitesimal differences in 
the contact of the active pole render it difficult to make two instn.- 
ments giving exactly the same results. Cells have been constructed 
with two, three, and four poles, and their individual and combined 
action examined. Quartz surfaces have also been employed instead 
of glass, thus enabling the chemical opacity of different substances to 
be determined. 
The electrical currents derived through the action of light on definite 
salts are strong in the case of ferro- and ferri-cyanide of potassium, 
but remarkably so in the case of nitroprusside of sodium. = 
Of organic acids the tartrate of uranium is one of the most active, 


A mixture of selenious acid and sulphurous acid in presence of. 


hydrochloric acid yields strong currents when subjected to light m 
the form of cell described. The list of substances that may be proved 
to undergo chemical decomposition by the action of light is very e- 
tensive ; full details will be found in the completed paper. 


IV. “On the Determination of the Scale Value of a Thomson's 


Quadrant Electrometer used for Registering the Variations 
in Atmospheric Electricity at the Kew Observatory.” 5y 
G. M. B.Sc., Superintendent of the’ Kew Observ- 
tory. Communicated by Ropert H. Scort, F.RS. 
Received April 3, 1878. Bs 


The Meteorological Council, being desirous of discussing the pho 


- tographic traces produced by their electrograph at the Kew Obser- 


vatory some time since, requested the Kew Committee to institute 4 
series of experiments, with the view of determining the scale value of 
the instrument, in order to prepare a suitable scale for measuring 
curves. | 
The Kew Committee, at their meeting in November, entrusted the 
matter to me, and accordingly, having obtained the loan of a battery 
of 300 Bunsen cells, some preliminary experiments were made, wae 
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showed that the greatest potential which could be obtained with them 
was very inadequate for the purpose. 

Having named this fact to Dr. De La Rue, he very generously 
placed his large chloride of silver battery at the disposal of the Ob- 
grvatory, and by its means we have been able to test the value of the 


deflections of the instrument at different points of the scale throughout 


its entire range. | 

Owing to the difficulty of transporting the large battery the experi- 
ments were all made in Dr. De La Rue’s laboratory, Charlotte-street, 
Portland-place, London. 


The electrometer (Thomson’s Quadrant, No. 19, White, Glasgow, 


maker) was dismounted from its position in the Observatory on the 
$rd December, 1877, careful measurements having first been made of 
the distance of a mark on the instrument from the source of light and 
from the point of incidence of the reflected spot of light on the circum- 
ference of the cylinder of the registering apparatus. - 

The acid was then removed from the jar, and the needle fixed for 
transit. 

Before moving the instrument the exact position of the quadrants, 
which are kept separated to some distance in ordinary use, was marked 
by lines drawn on the cover, so as to ensure as far as possible that the 
same inductive power should be acting on the needle during the expe- 


rments as there had been whilst the electrometer was in daily use at 
the Observatory. 


The time of vibration of the needle was also carefully determined 
and noted, with the view of detecting any change that might occur 
in its sensibility from derangement of its supporting fibres during 


transit. 


The apparatus was then conveyed to Dr. De La Rue’s laboratory, 
and there fitted up on a bed prepared for the purpose, on which the 
distances. as mentioned above were marked. | 

: The jar having been refilled with acid the needle was liberated, and 
its time of vibration being found unaltered, it was charged positively, 
ind the instrument left for several days in order that its interior might 
become thoroughly dried. 

In the first experiment readings were taken on a scale divided into 
fortieths of an inch, which was placed in the exact position occupied 
by the front face of the cylinder of the registering apparatus of the 
electrograph. | 
_ The battery terminals were then attached to the electrodes of the 
instrument, and the cells joined up in series as required. The deflec- 
hons produced by the different potentials were read off on the scale 


with the following results, the quadrants being put to earth at the | 


ming of each experiment with the view of obtaining a correct 
Value of the zero. 
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Experiment 1. In this experiment only the potential of the positive 


pole was — 


No. of |Deflection| No. of | Deflection] No. of |Deflection| No. of | Deflectio 
Cells. |in inches.} Cells. |in inches.| Cells. |in inches.| Cells. | in inches 
0 0-000 200 1 440 3 °300 680 | 4:275 
20 0-200 240 2 050 480 3 °487 720 | 4°362 
40 0 400 280 2 °375 520 3 760 | 4°495 
80 0 900 320 2 560 3 °812 800 | 4:500 
120 1°112 | 2:°887 600 3 
160 1 400 3-100 640 4-087 


In the next,experiment the positive deflections were read for poten. 
tials increasing by hundreds up to 800 cells, and the negative for 
potentials increasing by twenties up to 200 cells. 


Experiment 2. 
Positive. Negative. 
No. of No. of | Deflection} No. of | Deflection) No. of | Deflection! 
Cells. jin inches.| Cells. |in inches.| Cells. |in inches.| Cells. in inches. 
0 | 0-000 600 | 3°725 0 | 0-000 120 | 1:20 
100 0-900 700 3°951 20 0°125 140 1 °450 
200 1-701 800 40 0 ‘287 160 1 
300 2 °387 60 0 °525 180 1 ‘850 
400 2 °951 80 0 °725 200 | 
500 3°401 100 0 °975 


The negative deflections in the next experiment were obtained for 
potentials diminishing from 200 cells. The positive again —_ 7 


by hundreds. 
3. 
Positive. Negative. 

No. of | Deflection) No. of | Deflection} No. of | Deflection No. of Deflection 
Cells. jin inches.| Cells. |in inches.| Cells. |in inches. Cells. | in inches. 

0 0-000 600 3 °750 200 2 °250 go | 0°825 

100 0 °950 700 3 °975 180 2 000 60 | 0°612 

200 | 1°750 | 800 | 4:100 160 | 1°725 40 | 0°400 

300 | 2°400 140 | 1°512 20 | 0:20 

400 2-950 120 1 ‘287 o | 0000 
500 3 °450 100 1 


The scale was then dismounted, and a frame substituted for it con. 
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taining a sensitized sheet of paper (such as is used in the self-register- 


ing photographic instrument at Kew), and having a sliding shutter. 
The image of the illuminated slit reflected from the mirror of the 
clectrometer, falling on this paper made a photographic impression of 


each deflection of the needle with various numbers of cells in circuit. 


The time of exposure of the paper was two minutes. — 

After the sheets had been developed and fixed the deflections were 
measured with a tabulating instrument, and the following results 
obtained. 


Experiment 4, Experiment 5. 


_ Positive. Negative. Positive. Negative. 
No. of | Deflection! No. of |Deflection|| No. of | Deflection) No. of | Deflection 
Cells. |in inches.| Cells. {in inches.|} Cells. |in inches.| Cells. | in inches. 
| 0:000 0. 0-000 0 0-000 0 0-000 
100 0°949 40 0 °410 100 0°918 40 0-410 
«| 80 | 0:°880 200 1 ‘725 100 1°135 
300 | 2°412 120 1 300 2 160 1°701 
400 | 160 1-805 400 3 
500 3 °452 3 °454. 
600 | 3:°806 600 3 °784. 
700 | 4°049 700 4,°052 


_ After these experiments the quadrants. were put to earth, and the 
instrument left until the following morning, when observations were 
.. again made of a similar nature. | 3 

It was however observed that the deflections noted were found 
generally to be somewhat larger than those of the previous day for 
the same number of cells joined up. 


Experiment 6. 
Positive. 

No. of | Deflection No. of Deflection 
Cells. in inches. Cells. in inches. 
100 0-937 500 662 
200 °837 600 4°125 
300 2 °625 700 4 ‘337 
400 3 °125 800 4 °525 


In the next experiment the deflections were measured for every 
twenty cells added on from 200 negative to 800 positive. | 
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360 
Experiment 7. 

Positive. Negative, 
No. of | Deflection} No. of | Deflection) No. of | Deflection! No. of |Deftection 
Cells. |in inches.| Cells. |in inches.; Cells. {in inches.| Cells. | in inches 

0 | 0-000 | 320 | 2-475 | 600 | 3:925 0 | 0-00 | 
40 0 °525 340 2 620 4 000 20 | 
80 0 360 2°750 640 4 °075. 4) 0 275 

100 | (0-700) | 380 | 2°875 | 660 | 4°125 60 | 0°50 

120 0-900 400 3 °000 680 4°175 80 0°725 

140 1°075 420 3 °075 700 4 °225 100 0 950 

160 1 440 3°175 720 4 °275 120 1°175 

180 1 °425 460 3 °300 740 | 4°325 140 1 °425 

200 1 480 3 °400 760 4 °350 160 | 1°6%5 

220 1°775 500 3 °525 780 4 °375 180 1 

240 1 °950 520 3 °625 800 4.°400 200 2°175 

260 2-100 540 3 °700 

280 2 -200 3°775 

300 2 3 °850 


After this the photographic slides were again mounted in the place 
of the scale and the deflections registered, which on the sheets being 
measured gave results as follow: 


Experiment 8. 
Positive. Negative. 
No. of | Deflection | No. of | Deflection | No. of | Deflection rs 
Cells in inches. | Cells. | ininches. | Cells. | in inches. |). 
100 1-058 500 3 °942 100 
200 1 °943 600 4 °358 200 
300 2 686 710 4 °625 300 
400 3 800 4°810 
Experiment 9. 
‘Positive. Negative. 
No. of | Deflection | No. of Deflection | No. of 
Cells. in inches. Cells. | in inches. Cells. 
100 0-976 | 600 4-097 100 
200 1 °843 700 4 °359 200 
300 2°d591 800 4°561 300 
410 3-203 900 4, ‘686 
500 3-708 
| 
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By combining the results of all the above experiments, and taking 
the means for every hundred cells, we have the following table: 


Positive. Negative. 

No. of Delléction No. of | Deflection | No. of | Deflection 

Cells. | in inches. Cells. in inches. Cells. in inches. 
| 0-93. | 600 3-95 100 1-04 

200 700 4°20 200 2 

300 | 2°48 800 4°42 300 3°75 

400 3 ‘09 900 4°69 

500 3°57 


Qn laying down these values in a curve, making use only of those 
between the limits of — 200 cells and + 700 cells, as the others are 
beyond the capability of correct registration by the electrograph, we find 
aregular smooth curve is produced, which being projected upon one 
of the ordinates gives a scale by means of which the electrograms are 
now easily tabulated. 

The value of the electromotive force of one De La Rue chloride of 
alver cell being 1:03 volt, as determined by Messrs. De La Rue and 
Maller (Proc. Roy. Soc., vol. xxvi, p. 324), the scale thus formed | 
has been assumed to aepeennt volts with sufficient accuracy for the 
required purpose. 

My best thanks-are due to Mr. Seaton and Mr. R. W. F. Harrison 
for assistance rendered me in the prosecution of the experiments. 
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May 9, 1878. 
‘Sir JOSEPH HOOKER, K.C.S.L, President, in the Chair, 


The Presents received were laid on the table and thanks ordered for 
them. 


The following Papers were read :— 


I. “On the Action of Sonorous Vibrations in varying the Force 
of an Electric Current.” By Professor D. E. Huguns, 
Communicated by Professor HUXLEY, Sec. R.S. Received 
May 8, 1878. | 


_ The introduction of the telephone has tended to develop our know. 
ledge of acoustics with great rapidity. It offers to us an instrument 


of great delicacy for further research into the mysteries of acoustic 


phenomena. It detects: the presence of currents of electricity that 
have hitherto only been suspected, and it shows variations in the 


strengths of currents which no other instrument has ever indicated.‘ 


It has led me to investigate the effect of sonorous vibrations upon 
the electrical behaviour of matter. Willoughby Smith has shown 
that the resistance of selenium is affected by light, and Bornstein has 
led us to believe that many other bodies are similarly affected. We 
know also that the resistance of all bodies is materially influenced by 
heat. Sir William Thomson and others have shown that the resist. 
ance to the passage of currents offered by wires is affected by ther 


being placed under strains, and, inasmuch as the conveyance 0 


sonorous vibrations induces rapid variations in the strains at different 
points of a wire, I believed that the wire would vary in its resistance 
when it was used to convey sound. To investigate this I made & 
rough-and-ready telephone, with a small bar magnet four inches long, 
half the coil of an ordinary electro-magnet, and a square piece of 
ferro-type iron, three inches square, clamped rigidly in frout of o 


pole of the’ magnet between two pieces of board. When using the | 


pendulum beats of a small French clock, or the voice, as & source of 
sound, I found this arrangement supplied me with an extremely dl 
cate phonoscope or sound detector. | 


All the experiments detailed in this paper were made with the 


simplest possible means, and no apparatus of any kind constructed by 


a scientific instrument maker was employed. The battery wasa simple | 


Daniell’s cell, of Minotto’s form, made by using three comm 
tumblers, a spiral piece of copper wire being placed at the bottom of 
each glass and covered with sulphate of copper, and the glass bem 
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then filled with well-moistened-clay and water. -A ‘piece of zinc as 
the positive element was placed upon the clay. Insulated wires were 
attached to éach plate, and three of these cells were joined in series. 
All experiments were made on a closed. circuit, the telephone being 
‘geed as a phonoscope to detect variations in the current and the con- 
sequent reproduction of-sound. The apparatus, or materials experi- 
mented upon, were used in the same way as the transmitter of the 
speaking telephone of Bell. The attached sketch will make this clear. 


Bis the battery, S the source of sound or material examined, T the 
| telephone or phonoscope. | 
_ lintroduced into the circuit at S a strained conductor—a stretched 
wire—listening attentively with the telephone to detect any change 
- that might occur when the wire was spoken to or set into trans- 
‘verse vibrations by being plucked aside. Gradually, till the wire 
_ broke, the strain was varied, but no effect whatever was remarked 
except at the moment when the wire broke. The effect was but 
momentary, but invariably at the moment of breaking a peculiar 
“rush” or sound was heard. I then sought to imitate the condition 
ofthe wire at the moment of rupture by replacing the broken ends 
and pressing them together with a constant and varying force by the 
application of weights. It was found that if the broken ends rested 
upon one another with a slight pressure of not more than one ounce 
tothe square inch on the joints, sounds were distinctly reproduced 
although the effects were very imperfect. | oe 


It was soon found that it was not at all necessary to join two wires: 


endwise together to reproduce sound, but that any portion of an 
‘ectric conductor would do so even when fastened to a board or to'a 
table, and no matter how complicated the structure upon this board, 
orthe materials used as a conductor, provided one or more portions 
of the electrical conductor were separated and only brought into con- 
tact byaslight but constant pressure. Thus, if the ends of the wire ter- 
minate in two.common French nails laid side by side, and are separated: 
VOL. XXVII. 28 
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from each other bya slight space, were electrically connected by laying 
a similar nail between them, sound could be reproduced. The effect 
was improved by building up the nails log-hut fashion, into square 
configuration, using ten or twenty nails. A piece of steel watsh 
chain acted well. Up to this point the sound or grosser vibrations 
were alone produced, the finer inflections were missing, or, in other 


words, the timbre of the voice was wanting, but in the following exper. 


ments the timbre became more and more perfect until it reached g 
perfection leaving nothing to be desired. I found that a metallic 
powder such as the white powder—a mixture of zinc and tin—sold in 
commerce as “ white bronze,” and fine metallic filings, introduced at 
the points of contact, greatly added to the perfection of the result. 
At this point articulate speech became clearly and distinctly repro. 


duced, together with its timbre, and I found that all that now 


remained was to discover the best material and form to give to this 
arrangement its maximum effect. Although I tried all forms of 
pressure and modes of contact, a lever, a spring; pressure in a glass 
tube sealed up while under the influence of strain, so as to maintain 
the pressure constant, all gave similar and invariable results, but the 
results varied with the materials used. All metals, however, could be 
made to produce identical results, provided the division of the metal 
was small enough, and that the material used does not oxidize by 
contact with the air filtering through the mass. Thus platinum and 
mercury are very excellent and unvarying in their results, whilst lead 
soon becomes of such high resistance, through oxidation upon the 
surface, as to be of little or no use. A mass of bright round shot is 
peculiarly sensitive to sound whilst clean, but as the shot soon become 


coated with oxide this sensitiveness ceases. Carbon again, from its 


surface being entirely free from oxidation, is excellent, but the best 
results I have been able to obtain at present have been from mercury 
in a finely divided state. I took a comparatively porous non-cot- 
ductor, such as the willow charcoal used by artists for sketching, 
heating it gradually to a white heat and then suddenly. plunging it m 
mercury. The vacua in the pores, caused by the sudden cooling, 
become filled with innumerable minute globules of mercury, thus, 
it were, holding the mercury in a fine state of division. I have ali 
tried carbon treated in a similar manner with and without platmum 
deposited upon it from the chloride of platinum. I have also found 
similar effects from the willow charcoal heated in an iron vessel ts 
white heat, and containing a free portion of tin, zinc, or other easily 
vaporized metal. Under such conditions the willow carbon will b 
found to be metallized, having the metal distributed throughout is 
pores in a fine state of division. Iron also seems to enter the pores if 
heated to a white heat without being chemically combined with the 
carbon as in graphite, and, indeed, some of the best results have been 
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ained from willow charcoal containing iron in a fine state of 


divisi0n. 

Pine charcoal treated in this manner (although a non-conductor as 
ssimple charcoal) has high conductive powers, due to the iron; and 
fom the minute division of the iron in the pores, is a most excellent 
material for the purpose. . | 

Any one of these preparations confined in a glass tube or a box, and 

ssvided with wires for insertion in a circuit, I call a “ transmitter.” 

Reis, in 1860, showed how, by the movement of a diaphragm, inter- 
nittent voltaic currents could be transmitted, agreeing in exact number 
with the sonorous waves impinging on the diaphragm, and thus repro- 
ducing music at a distance by causing an electro-magnet, to vibrate in 
mison with the diaphragm; and, with an iron diaphragm, Graham 
Bell showed how the vibrations of that diaphragm in front of a 
polarised electro-magnet could similarly induce magneto-currents, cor- 
responding in number, amplitude, and form, with the sonorous vibra- 
tion, and thus reproduce all the delicacies of the human voice. Edison 
and others have produced variations in the strengths of a constant 
current by causing the diaphragm to press directly upon some elastic 
conductor, such as carbon, spongy platinum, &c., the varying pressure 
upon these materials varying the resistance of the circuit, and conse- 
gently the strength of current flowing. Graham Bell and others 
have produced the same effect, by causing the vibrations of the dia- 
phragm to vary the electromotive force in the circuit. It will be 
seen, however, that in the experiments made by myself, the diaphragm x 
has been altogether discarded, resting as it does upon the changes ; 
produced by molecular action, and that the variations in the strengths | 

of the currents flowing are produced simply and solely by the direct 

elect of the sonorous vibrations. | 

Ihave found that any sound, however feeble, produces vibrations 
which can be taken up by the matter interposed in the electrical 
arcuit. Sounds absolutely inaudible to the human ear affect the re- 
stance of the conductors described above. In practice, the effect is 
%0 sensitive, that a slight touch on the board, by the finger nail, on 
vhich the transmitter is placed, or a mere touch with the soft part’ of 
‘feather, would be distinctly heard at the receiving station. The 
movement of the softest camel hair brush on any part of the board ‘is . 
distinctly audible. If held in the hand, several feet from a piano, the ; 
vhole chords—the highest as well as the lowest—can be distinctly ; 

tatadistance. If one person sings a song, the distant station, 
povided with a similar transmitter, can sing and speak at the same 
ime, and the sounds will be received loud enough for the person sing- 
"8 ' follow the second speech or song sent from the distant end. 

| Acting on these facts, I have also devised an instrument suitable for 
mguifying weak sounds, which I call a microphone. The microphone; 
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in its present form, consists simply of a lozenge-shaped ving of ‘pag 


carbon, one inch long, quarter inch wide at its centre, and one-eighth 


of an inch in thickness. The lower pointed end rests as a Pivot upon 


a small block of similar carbon; the upper end, being made round, 


plays free in a hole in a small carbon-block, similar to that at the 
lower end. The lozenge stands vertically upon its lower support, 
The whole of the gas carbon is tempered in mercury, in the way 
previously described, though this is not absolutely necessary. The 
form of the lozenge-shaped carbon is not of importance, provided the 
weight of this upright contact piece is only just sufficient to makes 


_ feeble contact by its own weight. Carbon is used in preference to any 


other material, as its surface does not oxidise. A platinum surface in 
a finely-divided state is equal, if not superior, to the mercurised carbon, 


_ but more difficult and costly to construct. I have also made very 


sensitive ones entirely of iron. 

The best form and materials for this instrument, however, have not 
yet been fully experimented on. Still, in its present shape, it ig 
capable of detecting very faint sounds made in its presence. If a pin, 


for instance, be laid upon or taken off a table, a distinct sound is 


emitted, or, if a fly be confined under a table-glass, we can hear the 
fly walking, with a peculiar tramp of its own. The beating of a puls, 
the tick of a watch, the tramp of a fly, can thus be heard at least 
a hundred miles distant from the source of sound. In fact, when 
further developed by study, we may fairly look for it to do for w, 
with regard to faint sounds, what the microscope does with matter too 
small for human vision. : 

It is quite evident that these effects are due to a difference of preé- 
sure at the different points of contact, and that they are dependent for 
the perfection of action upon the number of these points of contac. 
Moreover, they are not dependent upon any apparent difference in the 
bodies in contact, but the same body in a state of minute subdivision 
is equally effective. Electrical resistance is a function of the massd 
the conductor, but sonorous conduction is a function of the molecules 
of matter. How is it therefore that a sonorous wave cap so affect the 
mass of a conductor as to influence its electrical resistance? If we 
assume a line of molecules, we know that a sonorous wave 18 sccoll- 
panied by alternate compressions and rarefactions. If we isolate the 
part under compression from the part under dilatation we vay ‘the 
dimensions of the mass, and we alter its.electrical resistance. In ay 
homogeneous conductor of finite dimensions the effect of the one wil 
exactly compensate for the effect of the other, and we get no vem 


tion of current, but if we break up this homogeneous conductor m8 | 


series of minute subdivisions without actually breaking their 
continuity. we destroy this neutralizing influence, and we oe 
evident the effect of sonorous vibrations in varying the dimensiom 
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| the mass of the conductor, and therefore in varying its electrical 


sesistance, for we reduce the length of a portion of the conductor to 
a fraction of the length of a sonorous wave. Molecular action alone 
explains to me all the: effects produced. Size or shape does not affect 
them. A piece of willow charcoal, the size of a pin’s head, is quite 
saficient to reproduce articulate speech. I regard the action as 
follows :—If we have two separate conductors joined simply by contact 
this contact offers a certain resistance. Now we can vary or lessen 
the resistance by increasing the pressure, thus bringing more points in 
contact or closer proximity. Now, as I employ a constant pressure on 
the contact, which is exactly under the same influence of the vibra- 
tins as the points of contact, more points or closer proximity can 
only be obtained through the molecular swelling or movement of the 
contact points. 


If we assume a line of molecules at the point of contact of the 


minute masses of conducting matter in their neutral condition to be 


arranged thus :— 


they will appear thus under compression :— | 


and thus under dilatation :— 


In the former case the electrical resistance would be less, and in the 
latter case more than in the normal condition. Hence we should get 
variation in their electrical resistance, and thus sonorous waves could 
vary the strength of an electric current, and the variations of the 
‘leetric current can be made to reproduce sonorous vibrations. These, 
towever, would only produce the result in a certain line, say horizontal ; 
bat those perpendicular, while producing the same result, would be a 
lulf vibration behind, and thus if two contacts, the one horizontal and 
the other perpendicular, were on the same piece of charcval and the 

g line joined to both, we should have interference. The 
Contrary takes place as the more contacts we have, and the more 
varied their direction on the same, the louder and purer the sound 
teeomes. Hence there is no interference, and consequently the whole 
uass-must swell and diminish equally in all directions at the same 
| The tube transmitter, which I exhibit: this evening, consists. of an 
ttlerior -glass' tube two inches long and one quarter of an inch in 
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diameter. In it are four separate pieces of willow charcoal, each on 
quarter of an inch long, and two terminals of the same material, The 
terminals are fastened in the tube, and connect exteriorly with the ling 


and interiorly with the four loose pieces, thus :— 


— 


Here A is made to press on B, C, D, H, F, and G, until the resist. 
ance offered to the electrical current is about one-third that of the 
line upon which it is to be employed. It may be attached toa resonant 
board by the ends A or G. If the result was simply due to vibrations, 

_we should have A and B making greater contact at a different time 
from F and G, and consequent interference. If it was a simple 
shaking or moving of B, C, D, E, and F, it could produce no change, 
as if B pressed more strongly on C, it would be less on A, and alsoif 
the tube was attached by the centre we should have no effect ; but if 
the effect is due to a swelling or enlargement of B, C, D, E,f, it 
would make no difference where it is attached to the resonant boar, 
as is actually the case. Again reduce the pressure of A upon B, &, 
until they are not in contact, and no trace of current can be perceived 
by shaking the tube. The instant the sonorous vibrations pass in the 
tube there is electric contact to a remarkable degree, which could only 
have taken place by the molecules enlarging their sphere under the 
influence of the sonorous vibrations. 

It is impossible to say what can be the applications or the effects 
the discovery which I have had the honour of bringing before the 
Royal Society, for the whole question has been studied with crude 
materials, and scarcely sufficient time has elapsed to enable me to co- 
sider its ultimate uses. I do not desire to assert that there is ay 
thing in what I have brought forward that is superior to or equal 
other transmitters used for telephony. It is as loud and far more 

_ sensitive than any I have yet heard, and it may be increased by multi 
plication of transmitting contacts in quantity or intensity ; the loud- 
ness is at present limited by the capability of the receiver. The 
rials at my disposal, and the arrangement of them, have not yet ‘been : 
sufficiently studied. I only wished to show that it is " 
transmit clear and intelligent articulate speech, and to render audible 
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sounds which have hitherto been inaudible by the mere operation of 
sonorous Vibrations upon the conducting power of matter. 

My warmest thanks are due to Mr. W. H. Preece, electrician to the 
Post Office, for his appreciation of the importance of the facts I have 
stated, and for his kind counsel and aid in the preparation of this 


do not intend to take out a patent, as the facts I have mentioned 
belong more to the domain of discovery than invention. No doubt © 

inventors will ere long improve on the form and materials employed. 
[have already my reward in being allowed to submit my researches te 
the Royal Society. 


IL “Note on the Minute Anatomy of the Thymus.” By HErR- 
BERT WaATNEY, M.A., M.D. Cantab. Communicated by 
‘Dr. KLEIN, F.R.S. Received April 8, 1878. | 


The thymus is composed of lobes, lobules, and follicles. 

Each follicle consists of a cortical and a medullary portion; the 
medullary parts of two neighbouring follicles are often united; and 
at one point, therefore, the medullary portion may extend through the 
cortex of the follicle; in some follicles the medullary portion may be 
found in the form of two or more islands situated 1 in the interior of the 
follicle. 

The follicle is composed (a) of a reticulum of nucleated cells, and (6) 
of cells; the reticulum forms an adventitia to the blood-vessels. 

The cells forming the reticulum in the cortical part of the follicle 
consist of a disk-shaped nucleus, a cell body very little larger than 
the nucleus, and of very long, fine, branching processes. 

The reticulum of the medullary portion is: composed of cells with 
coarse, short processes; the body of the cell is more than twice, or 
even three times, as large as the nucleus, and contains one, or at 
times, two nuclei; in places, large protoplasmic masses are met with, 
forming part of the reticulum composed of two or three cells united 
together. There are also found in the medullary portions, in certain 
states of the thymus, connective tissue trabecule. 

The cells are of four kinds :— 

(1.) Small cells, resembling the lymph cells of a follicle of a 
lymphatic gland. Staining fluids act differently on these cells in the 
cortical and in the medullary parts of the foilicle. 

(2) Large granular cells of various sizes; many of them have long 
processes by which, in some cases, they are attached to the trabecule 
and to the blood-vessels: these cells contain one or two nuclei, and 


help to form (partly by a process of vacuolation) the concentric cor- 
puscles of the thymus. 


f the 
ynant 
tions, 
time 
imple 
ange, 
if 
put if 
it 
ceived | 
in the 
d only 
or the 
of 
re the 
crude 
COD- 
any: 
ual 
more 
multi- 
 Joud- 
mate- 
thle to 


them. 
The blood-vessels of the cortical portions of the follicle are of small. 
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(8.). Giant cells. Multinuclear masses of protoplasm. 
(4.) Concentric ‘corpuscles of various sizes, sometimes attached to 


one another by long processes.. The corpuscles are formed of tyo - 


parts—a central portion, which is granular, and is acted on in a 
peculiar manner by staining fluids; and a peripheral portion formed 
of flattened epitheloid cells continuous with the reticulum. The 
concentric corpuscles are concerned in the formation of blood-vesgels 
and trabecule. | 

The granular cells, giant cells, and concentric corpuscles, are almost 
entirely confined to the central portions of the follicles. | 

In fresh preparations, colourless nucleated cells are seen, which 


contain granules and spherules of hemoglobin; these cells.either form 


parts of the concentric corpuscles, or are in close connexion with 


size; they run in lines from the periphery of the follicle to the edge of 
the medullary portion. The medullary portion of the follicle is sur. 
rounded by a ring of blood-vessels; the vessels are larger in the 


medullary portion than in the cortical portion of the follicle. 


III. “On the Classification of Loci.” By W. K. CLIFForD, F.R.S., 
Professor of Applied Mathematics in University College, 
London. Received April 8, 1878. 


(Abstract.) 


“A curve,” is to be understood to mean a continuous one-dimer 
sional aggregate of any sort of elements, and therefore not merely.a 
curve in the ordinary geometrical sense, but also a singly infinite 
system of curves, surfaces, complexes, &c., such that one condition 
is sufficient to determine a finite number of them. The elements may 
be regarded as determined by k co-ordinates ; and if these be connected 


by k—1 equations of any order, the curve is either the aggregate of . 


common solutions, or, when this breaks up into algebraically distinct 
parts, the curve is one of these parts. ; oe 

In the paper, of which this is an abstract, theorems are established 
relating to the nature of the space in which such curves can exisb 
the mode of representing them in flat space of lower dimensions, and 1 
some of their properties. The following are the leading theorems:— 
_-I. Every proper curve of the nth order is in a flat space of n dimet- 

II. A curve of order » in flat space of k:dimensions (or less) thay 


be represented, point for point, on @ curve of order n—k +2 ~ 


plane. 
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 {{-A curve of order 1, in flat space of n dimensions (and no less), 
js always unicursal. | 


from this the author obtains a representation of the points of an 
« dimensional space by means of groups of n points on such a unicursal 
curve, corresponding to the methods of Hirst and Darboux for 
3.dimensional space. | | 
_ When x is even, the system corresponds to that of poles and polars 
in regard to a quadric locus upon which the curve lies. 

When n is odd, every point is co-flat (7.e., + 1 points lie in the 


samen — 1 flat), with the » points of the osculant (n — 1) flats which — 


can be drawn through it. 7 3 

IV. Every curve of order n in flat space of n—1 dimensions is either 
unicarsal or elliptic. | 
VY, When the curve is unicursal, and n is odd, the points of super- 
osculation, or points of stationary osculant (n — 2) flats, are on the 
same (n— 2) flat. But when x is even, this will be the case only 
under a certain condition. ee 

VI. When the curve is elliptic (or bi-cursal) the class of the curve 
isn (n — 1), and the number of superosculants n?. | 

If we consider a curve of the order and deficiency p, existing in i 
dimensions, a (& — 1) flat cuts such a curve in ” points, such that the 
sum of each of the p parameters (Abel’s theorem gives p equations be- 


tween the parameters of n points'which lie on a (& — 1) flat), for these 


n points is zero. And we obtain the theorem- 
VII. A curve‘of order n and deficiency p, not greater than $n, can 
at most exist in n — p dimensions. 


IV. “Harmonic Analyzer.” Shown and explained by Sir 
-Wittam THomson, F.R.S., Professor of Natural Philosophy 
_ Inthe University of Glasgow. Received May 9, 1878. 


- This is a realization of an instrument designed rudimentarily in 
the anthor’s communication to the Royal Society (‘ Proceedings,” 
February 3rd, 1876), entitled “On an Instrument for Calculating 
(/9(2) (a) da), the Integral of the Product of two given Functions.” 
_ Itconsists of five disk globe and cylinder integrators of the kind 
described in Professor James Thomson’s paper “ On an Integrating 
Machine having a new Kinematic Principle,” of the same date, and 
represented in the annexed woodcuts. 
The five disks'‘are all in one plane, and their centres in one line. 
The axes of the cylinders aré.all in a line parallel to it. The diameters 
of the five cylinders are all equal, so are those of the globes; hence 
the :centres of the globes are .in a line parallel to the line of the 
entres of the disks, and to the line of the axes ofthe cylinders, 
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One long wooden rod, properly supported and guided, and worked 
by a rack and pinion, carries five forks to move the five globes and ¢ 
pointer to trace the curve on the paper cylinder. The shaft of the 
paper cylinder carries at its two ends cranks at right angles to on 


another; anda toothed wheel which turns a parallel shaft, and a thin ' 
shaft in line with the first, by means of three other toothed wheels, This 


third shaft carries at its two ends two cranks at right angles to one 
another. | 


Another toothed wheel on the shaft of the paper drum turns 
another parallel shaft, which, by a slightly oblique toothed wheel 
working on a crown wheel with slightly oblique teeth, turns one of 
the five disks uniformly (supposing to avoid circumlocution the 
paper drum to be turning uniformly). The cylinder of the integrator, 
of which this one is the disk, gives the continuously growing value of 
fyda. 

Each of the four cranks gives a simple harmonic angular motion 
one of the other four disks by means of a slide and crosshead, carryiig 
a rack which works asector attached to the disk. Hence, the cylinders 
moved by the disks, driven by the first mentioned pair of cranks, g'? 
the continuously growing values of 


\y and ly sin 


where c denotes the circumference of the paper drum: and the two 
remaining cylinders give | 
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ly cos and y 


where w denotes the angular velocity of the shaft carrying the second 
pair of shafts, that of the first being unity. 7 
The machine, with the toothed wheels actually mounted on it when 
shown to the Royal Society, gave w=2, and was therefore adopted for 
the meteorological application. By removal of two of the wheels 
and substitution of two others, which were laid on the table of the 
39 x 109 
40 x 110 
factors found by Mr. E. Roberts, and supplied by him to the author, 
for the ratio of the mean lunar to the mean solar periods relatively to 
theearth’s rotation). Thus, the same machine can serve for analysing 
out simultaneously the mean lunar and mean solar semi-diurnal tides 
from a tide-gauge curve. But the dimensions of the actual machine 
do not allow range enough of motion for. the majority of tide-gauge 
curves, and they are perfectly sufficient and suitable for meterological 
work, The machine, with the train giving w=2, is therefore handed 
over to the Meteorological Office to be brought immediately into prac- 
tical work by Mr. Scott (as soon as a brass cylinder of proper dia- 
meter to suit the 24h length of his curves is substituted for the 
wooden model cylinder in the machine as shown to the Royal Society) : 
and the construction of a new machine for the tidal analysis, to have 
eleven disk globe and cylinder integrators in line, and nine crank 
shafts having their axes in line with the paper drum, according to the 
preceding description, in proper periods to analyse a tide curve by one 


Royal Society, the value of w becomes * (according to 


process for mean level, and for the two components of each of the five © 


chief tidal constituents—that is to say, 

(1.) The mean solar semi-diurnal ; 

” » lunar 

(3.) ,, ,, lunar quarter diurnal, shallow water tide ; 

(4.) ,, ,, lunar declinational diurnal ; 
(5.) ,,  luni-solar declinational diurnal ; 
8 to be immediately commenced. It is hoped that it may be com- 
pleted without need to apply for any addition to the grant already 
made by the Royal Society for harmonic analysers. | 

Counterpoises are applied to the crank shafts to fulfil the condition 
that gravity on cranks, and sliding pieces, and sectors, is in equilibrium. 
Error from “ back lash” or “lost time” is thus prevented simply by 
frictional resistance against the rotation of the uniformly rotating 
disk and of the tertiary shafts, and by the weights of the sectors 
uttached to the oscillating disks. | 


: The actual numbers of the teeth in the two pairs of wheels constituting the 
train are 78 : 80 and 109 : 110. 


" 
An 
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May 16, 1878. 
Sir JOSEPH HOOKER, K.C.S.L,, in the Chair, 


The Presents received were laid on the table, and thanks ordered for 
them, 


The following Papers were read :— 


I. “Experimental Researches on the Electric Discharge with 
the Chloride of Silver Battery. Part II. The Discharge 
In Exhausted Tubes.” By Warren De La Rug, MA, 


D.C.L., F.R.S., and W. Ph.D., F.R.S, Re- 


ceived April 10, 1878. 
(Abstract. ) 


We cannot flatter ourselves that we have done more during our 


_ three and a half years’ work than contribute a few facts towards the 
data necessary for the solution of the problem of the cause of stratif 
cation produced by the electric discharge in vacuum tubes. We refrain 
for the present from suggesting any hypothesis to account for this 
beautiful phenomenon, in the hope of being able to confirm, exper- 
mentally, certain views which we entertain concerning it. The paper 
we have now the honour of laying before the Society consists mainly 
of a record of the various appearances presented by the discharge in 
residual gases at various pressures and with various currents. __ 
_ Throughout our labours we have felt strongly the necessity for 
obtaining measurements of the physical conditions (nature and 
pressure of the gas, strength of the current, difference of potentials 
between the electrodes,. size of the tubes, forms of electrodes) which 
accompany the various phenomena observed during our experiments. 
In order that others may be in a position to theorize as well # 
ourselves, we have given a more detailed account than we otherwise 
should have done of the phenomena, observed, which, for the same 
reason, we have illustrated by copious diagrams and many copies of 
photographs. . 
_ For example, in diagram, fig. 43 are shown some of the very great 
variety of phases in rarefied hydrogen, observed with tube 129, 2 
inches long, 1°6 inch diameter; the terminals being a straight wir 
and a ring about 1 inch in diameter, both aluminium. We 
few observations by way of illustration:— 
Pressure 16 millims., 21,053 (millionths of an atmospber) 
8,040 cells. .The ring being positive, curiously: formed luminous & 


tities shot at intervals from it, remained stationary for 4 time, and 
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fun’ disappeared, to be replaced by others; the flow, as ‘seen in 
rotating mirror, was towards the negative. The phenomena are de- 
picted in 1, fig. 1. . 


Fig. 1. 


_ Pressure 12-2 millims., 16,053 M, 8,040 cells. The luminosities as 
ind, fig.1. The ‘flow of the luminosities was shown by the rotating 
uurror to be towards the negative. There was much heat developed 
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376 De La Rue and Muller. [May 16, 
in the neighbourhood of the luminosities, a little heat at the positing 
terminal, the negative being quite cool. 

Pressure 10°8 millims., 14,211 Mj. Luminosities as in 6, fig, | 
which reminded one of a fish’s mouth, especially as they opened and 
closed continually; they extended along 9 inches of the tube. 

At a pressure of 1 millim., 1,316 (Mf, the most beautiful phase of 
all was produced as shown in fig. 2, in some of its chief features, the 
current used was that of 2,160 powder cells, current 0:011520 Weber. 
The strata grouped themselves in threes and reached to within 6 
inches of the negative ring; when 200,000 ohms resistance was 
introduced, C. 0°005658 WY, the dark space extended to 9 inches, 
Only a portion of the luminosity about the negative ring is shown in 


_ the diagram: besides this, the ring was surrounded with a cylindrical 


nebulosity of about a } inch in diameter, and a glow filled up the end 
of the tube. | 


Fig. 2. 
TUBE i298. 


Tube 161, Hydrogen. 


The difference of the strata in tubes of different diameter at the 
same pressure and with the same current is very clearly brought out in 
tube 161, fig. 3, composed of two portions, one being 18 inches long and 
1-65 inch internal diameter, the other 17°5 inches long and 0°975 inch 
diameter, the ratio of the sectional areas being 2°864 to 1. The ter- 
minal in the small tube is a point, in the large one aring. With 
4,800 cells, the point (small tube) positive, C. 0°02825 W, there were 
produced in the small tube 62 disk-shaped strata, and in the large tube 
twelve cup-shaped strata occupying half of the length of the large tube; 
beyond these the discharge was dark. With the point negative 
C. 0°02451, there were produced in the small tube 54 disks, and im 
the large tube thirteen cup-shaped, completely filling it. The number 
of strata does not therefore appear to be in the inverse ratio of the 
areas. The strata in the small tube were blue, but at times, with a 
larger current, carmine, as in the capillary part of a spectrum analysis 
tube, the strata in the large tube being much fainter and pik. 
62a and 628, fig. 3, copied from photographs obtained, the former 
15 seconds, the latter in 10 seconds, show respectively the appearances 
at another phase, when the small tube was positive or negative respec 
tively, | 
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tion). By operating in this way we have been able to reproduce ove 
and over again phases which are more or less transient in all tubes. 
indeed, we encountered great difficulties when we first commenced 
our labours with tubes supplied by various makers, for after  y 
short time they completely and permanently changed so ag no longer 
to present the splendid stratifications witnessed on a first trial, 

All the tubes which we exhausted were provided with two glass 
stop-cocks, one of which was connected with the gas generator, the 
other to the system of pumps. The rinsing of the apparatus was first 
effected many times with a high pressure water trompe (head of water 
106 feet, producing a vacuum of 12 millims.); the tube was then ex. 
hausted by a mercurial pump (Alvergniat’s make), and finally by the 
Sprengel. In our later experiments the measurements of low pressurs 
were made by means of the M’Leod gauge, which indicated pressures 
down to 000005 millim. | 

By absorbing carbonic acid with potash, and, more especially, hydro. 
gen with spongy palladium, a vacuum was obtained so perfect (pressure 
0000055 millim., 0°066 f¥f.) that the potential of 11,000 was insufficient 
to cause a discharge. 

_ We have adopted several expedients for ascertaining the resistance 


of the tubes. In the first instance we placed the tube in one of the 


arms of a Wheatstone bridge, but the oscillations of the current were 
so great that it was necessary to substitute a vacuum tell-tale tube for 
the galvanometer; this became illuminated whenever the currents in 
the two branches were unequal. In spite of this device it was impos 
sible to balance ewactly the resistance of a tube by a metallic resist 
ance. It was found that the resistance of a vacuum tube varied 
greatly as soon as the current passed and usually diminished, but 
when once the current was interrupted it was necessary to increase 
considerably the balancing resistance in the symmetrical branch of 
the Wheatstone bridge, in order to reproduce an illumination. After 
standing at rest for some time the tube took up its original condition. 

In fig. 4.A Zis the battery, the A terminal of which is connected atA, 
in the bridge arrangement, with two equal fluid resistance tubes, FR 
and FR’, of 420,000 ohms, placed in vessels containing ice, to keep 
them at a constant temperature; an adjustable coil resistance is 1- 
serted between Band D; the tube TT’, to be tested, is placed betwee 
D and C, the Z terminal of the battery being connected to D. When 
the resistance is greater or less than that of the tube to be tested 
there is an illumination in the detector tube between B and C; bub 
when a current passes in T T’, balanced by a proper adjustment of the 
coil resistance, then the glow in the detector ceases. 

Better results were obtained either by reproducing the deflections of 
a galvanometer, observed during the course of the experiments, ¥™ 
metallic resistance substituted for the tube; or by measuring with a2 
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electrometer, the differences of potential between the electrodes of the 
iabe, and between the ends of any convenient known resistance in the 
game circuit. 


FR! 


| 


A 2 


We were induced to extend the investigation by means of the elec- 
trometer, to the determination of the rate of fall of the potential 
throughout the length of a vacuum tube. For this purpose we had 
several tubes ‘constructed with aluminium rings fixed to platinum 
wires inserted in the glass at nearly equal intervals. It was found 
that the fall of potential for equal spaces had a maximum value in the 
neighbourhood of the negative electrode; in the neighbourhood of the 
Msitive, though considerably less than near the negative, it was greater 
than in the middle of the tube, where for equal intervals the fall of 
potential was sensibly constant. | | | 

The most important result of these measurements was the establish- 
ment of the constancy of the difference of potential between the elec- 
trodes of a given tube and gas, at a given pressure, for all variations 
in the value of the current, even when these were as great as 1 to 
150. This conclusion was arrived at subsequently to the observation 
of the majority of the phenomena recorded in the paper. Accordingly, 
must be understood that what has been termed “ resistance of a 
tube” indicates that the difference of potential between its terminals 
was the same as that which would have existed between the ends of a 
metallic wire of the resistance given if substituted for the tube in the 
particular circuit. 

We have, moreover, by experimenting with such tubes as 154 and 155, 


. fg. 5, wherein there is a constricture of the same bore, but of different 


lengths, established the fact that the constricture greatly increases the 
VOL, XXVII. 
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resistance of the tube, but that this increase depends more upon th 
smallness of the diameter of the constricture than upon its length, 
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Fig. 5. 
| TUBE 154 | 
L “| > 
TUBE ISS 


> 


In the course of our experiments we have arrived at the following 
facts :— | 

1. The discharge in a vacuum tube does not differ essentially from that 
in air and other gases at ordinary atmospheric pressures ; it cannot be 
considered as a current in the ordinary acceptation of the term, but must 
be of the nature of a disruptive discharge, the molecules of the gas acting 
as carriers of electrification. The gases in all probability receive two im- 
pulses in opposite directions, that from the negative being the more con 
tinuous of the two.* Metal is frequently carried from the terminals and is 
deposited on the wmside of the tube, so as to leave a permanent record of the 


spaces between the strata. 
2. As the exhaustion proceeds the potential necessary to cause a current 
to pass diminishes up to a certain point, whence it again increases, and 


the strata thicken and diminish in number, until a point is reached at 
which, notwithstanding the high electromotive force available, no dis 
through the residual gas cun be detected. | 

3. All strata have their origin at the positive pole. Thus, in 4 given 
tube, with a certain gas, there is produced at a certain pressure, 2 
the first instance, only one luminosity which forms on the positive 
terminal, then, as the exhaustion is gradually carried further it 
detaches itself, moving towards the negative, and being followed by 
other luminosities, which gradually increase in number up to a certail 


point. 

4. With the same potential the phenomena vary irregularly with 
amount of current. Sometimes, as the current is increased, the number 
of strata in certain tubes increases, and as it is diminished thet 
number decreases; but with other tubes the number of strata ft 
quently increases with a diminution of current. 2 

5. A change of current frequently produces an entire change in the 
colour of the strata. For example, in a hydrogen tube from & 
blue toa pink. It also changes the spectrum of the strata; more0v 
the spectra of the illuminated terminals and the strate differ. _ 1 

6. If the discharge is irregular and the strata indistinct, am. altera™ tl 

Phil. Trans.,” Part I, vol. clxix, pp. 90 and 118. = i 
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of the amount of current makes the strata distinct and steady. Most fre- 
quently 8 point of steadiness, sufficient for photographing, is produced 


by the careful introduction of external resistance ; subsequently the 
- introduction of more resistance produces a new phase of unsteadiness, 


and still more resistance another phase of steady and distinct stratifi- 


cation. 

7. The greatest heat is un the wievntty of the strata. This can be best 
observed when the tube contains either only one stratum, or a small 
number separated by a broad interval. There is reason to believe that 
even in the dark discharge there may be strata; for we have found a 
development of heat in the middle of a tube, in which there was no 
illumination except on the terminals. 

8. Even when the strata are to all appearance ‘perfectly steady, a pul- 
sation can be detected in the current ; but it is not proved that the strata 
depend upon intermittence. 

9, There is no current from a battery through a tube divided by a glass 
division into two chambers, and the tube can only be wluminated by 


| alternating charges. 


10. In the same tube and with the same gas, a very great variety of 
phenomena can be produced by varying the pressure and the current. 
The luminosities and strata, in their various forms, can be reproduced in 
the same tube, or in others having similar dimensions. 

ll. At the same pressure and with the same current, the diameter of 
the tube affects the character and closeness of the stratification. 


Il. “Note on Legendre’s Coefficients.” By I. TODHUNTER, — 
F.R.S. Received April 16, 1878. 


In the . Proceedings of the Royal Society,” vol. xxvii, pp. 63-71, 


Professor Adams has given, by an inductive process, the development — 


of the product of any two of Legendre’s Coefficients in a series of the 
Coefficients; from this is immediately deduced the value of the in- 
tegral Stianee the limits —1 and +1 of the product of any three of 
the Coefficients. On the other hand, if we know the value of this 
definite integral, we can immediately deduce the development of the 
product of any two of the Coefficients. Thus it may be of interest to 
give a brief investigation of the value of the definite integral. I 
idllow the notation adopted by Professor Adams. 


The formula to be established is 
A(s—m)A(s—n)A(s—p) 
P 
A(s) 


where %=m+n+p, and the functional symbol A(r) i is thus defined : 
fr i & positive integer 
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and in all other cases A(1r) is to be considered zero, — when r=0, 
and then it is to be considered =1. 


It will be observed that A(r+1)=2" ae 


A(r), and this is the essen- 


tial property of the function for our ~~ The demonstration 
consists of three parts. 

I. The proposed formula holds when — whatever n and p may 
be. This is seen to be true in virtue of the known theorem that 


| ie P,Ppdu is zero when n and p are unequal, and is equal to ia 


when p=n. 
II. The proposed formul2 holds when m= 1, whatever n and p may 
be. For by a known theorem we have . 


therefore 
1 1 
= B's Neue Pod 
pap In+1 nts 1 P 


and this vanishes unless p=n+1 or n—1, and then its value is 
2s=n+p+1. And if we examine the formals 
_ to be established we shall find if m=1 the product A(s—n)A(s—p) 
vanishes, except when p=n+1 or n—1, and then it becomes unity. 
Also Ste~t) 9 : and thus the required result is obtained. 

III. We shall now give an inductive process by which we show that 
- if the formula holds for all values of n and p combined with the values 
m—I1 and m of the third integer, it will hold for all values of  andp 
combined with the value m+1 of the third integer. 


| m+ 


n+1. 


Thus we can express ¥ Pini1P2Ppdu by means of cases of the formals 


already established. If we now put 2s=m+n+pt+1 we thus obtain 
for the definite integral Ping i PrP 
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2 %m+1 n+1 A(s—m) A(s—n—1) A(s—p) | 


m+1 2n+1 A(s) 

2 %m+1 A(s—1—m) A(s—n) A(s—1—p) 
2s—1 m+1 2n+]1 A(s—1) 
A(s—m) A(s—n—1) A(s—1—p) 

2s—1 m+] A(s—1) 


Itisnow a matter of easy algebraical work to put these three terms 
together by the aid of the essential property of the function A(r). 
If we put the second and third terms together we shall get. 


2 (m—n)(s—p)  A(s—m—1) A(s—n) A(s—p 
(m+1)(2n+ 1) (s—m)(2s—2n—1) 


and the first term is equal to 


2 (2m+1)(n+1)(2s—2m—1)(s—n) 2 —p). 
9s+1 (m+1)(2n+1)(s—m)(2s—2n—1) A(s) 


the aggregate of the last two expressions is 


2 A(s—m—1) A(s—n) A(s—p) 
2s+1 A(s) 


as it should be. 

I may observe that the definite integral was discussed by Dr. N. C. 
Schmit in a dissertation published at Brussels in 1858 ; but no simple 
result is there obtained. 


il. “On the Spectra of Metalloids. Spectrum of Oxygen.” By 
ARTHUR ScHusTER, Ph.D., F.R.A.S. Communicated by J. 
CLERK MAXWELL, F.R.S$ Professor of Experimental Physics 
in the University of Cambridge. Received April 25, 1878. 


The many unexplained phenomena attending the passage of elec- 
incity through gases will probably for some time to come occupy the 
attention of experimental physicists. It is desirable that the subject 
should be approached from as many different sides as possible. One 
of our most powerful instruments of research is the spectroscope, but 
before it can be applied to the study in question we have to settle the 
chemical origin of the different spectra, which we observe in vacuum 
lubes, and to discuss in what way such spectra are liable to change 
under different circumstances. A special investigation has to be made 
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for each gas; we have to study the effect of various impurities, the 
influence of the electrodes, and that of the glass which in the tubes 
generally used is considerably heated up by the spark. I have chogen 
oxygen as a first subject of investigation. Though Plicker and Willne 
have, as far as their experiments went, accurately described the phe. 
nomena seen in oxygen tubes, the following contains much that is 
new, and will put some of the older facts on a firmer basis, 

As some of the facts brought to light by the investigation hear 
directly on the question of double spectra, our knowledge on that 
point must be briefly referred to. We divide all known spectra into 
three orders. Continuous spectra, channelled space spectra, and line 
spectra. With regard to continuous spectra, it is shown. that the 
older statement which limited them to liquid and solid bodies is no 
longer tenable. Most gases give continuous spectra long before they 
condense. ‘Two theories of continuous spectra are noticed. The one 
considers that the vibrations of a molecule always tend to take place 
in a fixed period, but that the impacts of other molecules may, when 
the pressure is great or in liquid and solid bodies, prevent complete 
oscillations taking place, and thus produce a continuous spectrum. 
The other theory considers that, when a gas condenses, molecular 
combinations take place, which make the molecular structure more 
complicated, and may produce channelled space spectra or continuous 
spectra. According to the latter theory such molecular combinations 
are possible before the gas condenses, and thus the state of aggrega- 
tion of the gas only indirectly affects the spectrum. The latter theory 
seems to be more consistent with experiment than the former. one. 
‘For instance, it is shown that oxygen gives a continuous spectrum at 
the lowest temperature at which it is luminous. If the temperature 
be raised, the continuous spectrum is replaced by a line spectram. 
This seems to be inexplicable by theory of molecular impacts. 

With regard to channelled space spectra attention is drawn to 4 
new kind, which finds a representative,in the spectrum of the negative 
pole in oxygen. The ordinary channelled space spectra show bands, 
which when seen under small dispersion appear to have a sharp 
boundary on one side, and fade gradually away towards the other. 
When seen under large dispersion these bands appear to be made up 
of a number of lines which get nearer and nearer to each other 
they approach the sharp boundary. The spectrum of the negative 
pole in oxygen, when looked at with small powers, seems to be made 
up of a number of bands which are uniformly illuminated throughont, 
but with high powers each band is found to be made up of a number 
of lines at about equal intervals. | 

With regard to line spectra it is shown that a body may at a1ow 
temperature show a different set of lines altogether from what it 
shows at a high temperature. It is difficult to decide whether the 
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from one line spectrum to another is due to the same cause as 
that of a band spectrum to a line spectrum. | 


' the chief difficulty in the way of a complete investigation of the 
gectrum of oxygen consists in the great disturbing influence of the 


ce of even a small quantity of any carbon compound. Amongst 
a great many oxygen tubes which were filled by various makers, I only 


found one which showed the spectrum of pure oxygen; all the others | 


gave a spectrum of carbonic oxide. It is therefore necessary in filling 
oxygen tubes, to avoid all greased joints and all india-rubber tubings. 
{have used a Sprengel air-pump, which communicated with the vacuum 
tube by means of a ball and socket joint. The joint was kept air- 
tight solely by means of strong sulphuric acid. The vacuum tube 
was fused directly to the ball of the joint. To one end of the vacuum 
tube a piece of hard glass tubing had been fused. This was filled 


with different substances which, on heating, gave off pure oxygen. — 


The oxygen therefore came only into contact with glass, mercury, and 
sulphuric acid, and the metal of the electrode. By repeatedly filling 


and exhausting the tube all extraneous matter, which always is. 
attached to the inner surface of the glass, could be swept away. Per- 


manganate of potash, oxide of mercury, and chlorate of potash, were 
used in turn to prepare the oxygen, but no effect was observed which 
could be traced to the substance used. The effect of the electrodes 
was eliminated by varying the metals. Aluminium, platinum, silver, 
brass, and iridium were used as electrodes. Any possible effect of the 
glass was eliminated by finally repeating all experiments in a glass 
leceiver six inches in diameter, so that no part of the spark came 
nearer than 23 inches to the glass. In this way it is believed all pos- 
sibility of error due to the presence of any possible impurities was 


avoided. 


All measurements were reduced to wave-lengths by interpolation. 
The lines of iron or any metal whose lines are reversed in the solar 
spectrum were taken as reference lines. The wave-length of the re- 
ference lines could therefore always be found on Angstrém’s solar 
map. Asa rule the dispersion was equal to that of four heavy flint- 
glass prisms of a refracting angle of 62°, and it is believed that the 
accuracy of the measurements equals that of any other spectroscopic 
neasurements. 

Four different spectra of oxygen must be distinguished. At the 
lowest temperature at which oxygen becomes luminous it gives a 
continuous spectrum. As the temperature is gradually raised the 
continuous spectrum is successively transformed into two distinct line 


‘pectra, which I call respectively the compound line spectrum and the 


élementary line spectrum. It is one of. the principal objects of this 
paper to show that these two line spectra which have been much 
mixed up together have a separate existence. The generation of one 
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always involves the destruction of the other. The fourth spectrum is 
that which is always seen at the negative pole in vacuum tubes filled 
with oxygen. | 
The Continuous Spectrum.—The following facts prove the statement 
that at the lowest temperature at which oxygen is luminous it shows g 
continuous spectrum. | 
1. The wide part of a Pliicker tube generally shines with a faint 
yellow light. When looked at by means of a prism the spectrum is 


perfectly continuous. 


2. Ifa spark of an ordinary Ruhmkorff coil is taken. in oxygen at 
atmospheric pressure, one of the line spectra generally appears, but 
when the break is put out of adjustment so as to weaken the spark, 


the lines disappear and are replaced by a continuous spectrum which 


has its maximum of intensity in the greenish-yellow, and gradually 
fades away towards both ends of the spectrum. 

3. Becquerel mentions an observation according to which the point 
of the oxyhydrogen flame takes a yellow colour when an excess of 
oxygen is present. The description of the somewhat characteristic 
colour which Becquerel gives coincides exactly with the colour of the 
spark in oxygen, when it shows the continuous spectrum. According 
to Plicker an excess of hydrogen shows the hydrogen lines, and itis 
therefore reasonable to suppose that in Becquerel’s experiment the 
oxygen was sufficiently heated up to become luminous. 

The continuous spectrum must not be confounded with the con- 
tinuous spectrum which under high pressure forms the background to 


the line spectrum. 


- The Elementary Line Spectrum.—This is the spectrum which 1s seen ' 


when a strong spark passes through oxygen at the atmospheric pres- 


sure. It can be seen at all pressures when a jar and air break are 
introduced into the circuit. Several measurements exist of theie 
lines, but only those of Thalén are given in absolute measure. Thalen’s 
measurements, however, refer to the lines seen when a spark passes 
through air. Under these circumstances the oxygen lines are weak 
compared to the nitrogen lines, and some strong oxygen lines do a0 
appear at all in Thalén’s list. I have made a careful measurement of 
all the lines. Some of the weaker bands have a different appearant 
and suggest, therefore, a doubt whether they are really due to oxyge?: 
but they always appear with the same relative intensity, and I could 
not obtain any evidence which would justify their exclusion from the 
list of oxygen lines. | ce... 
The Compound Line Spectrwm.—Pliicker in his first investigation of 
oxygen says it consists of four lines, one in the red, two m the 
green, and one in the blue. In his later drawing of the spectrum of 
oxygen, he gives a great number of lines of which these four form & 
part. Willner says that the four lines in question are always the 
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frst to appear in oxygen tubes. Thalén and Angstrém do not give 
these lines; Huggins does not give them; Salet does not give them. 
Picker and Wiillner are the only observers who experimented under 
the circumstances under which the lines appear. They come out 
well whatever way the oxygen is prepared, whatever the 
nature of the electrode, and I have seen them under the large glass 
receiver already mentioned. The following is the appearance of an 
oxygen tube as it undergoes gradual exhaustion. ses! 
When the pressure is sufficiently diminished to allow the spark to 
pass, it shows a yellow colour and the spectrum is perfectly continuous. 
Almost immediately, however, the four lines are seen in the capillary 
part of the tube above the continuous spectrum. The continuous 
spectrum in the wide part is then stronger than in the narrow part. 
The four lines seem to have taken away part of the energy of the 
continuous spectrum. As the exhaustion proceeds the spark spreads 
out in the wide part, and the continuous spectrum is therefore di- 
minished and becomes less intense than in the capillary part; but it 
gradually loses in intensity also in the narrow part, until the four 
lines stand out on a perfectly black background. If under these circum- 
stances the jar and air break is inserted in the circuit, everything will 
disappear and the elementary line spectrum will come out. We have 
hereas complete a transformation as from the band spectrum of nitrogen 
to the line spectrum of nitrogen taking place under precisely the same 
arcumstances; and it is therefore not unlikely that the two phe- 
nomena are due to the same cause. There are two reasons why the 


existence of the compound line spectrum of oxygen as a separate 


spectrum may have escaped previous observers. Thereis a blue line in 
the elementary line spectrum which’ is nearly coincident with the blue 
ine of the compound line spectrum. It requires considerable dis- 
persion to notice the difference; the complete disappearance of the 
compound line spectrum has therefore escaped notice. The two 
green lines and the red line widen easily at higher pressures, and as 
hasbeen remarked by Wiillner, even fuse together to a continuous 
spectrum. If the experiment is therefore made at a pressure at which 
oxygen has a continuous background, the disappearance of these lines 
might be taken for their widening and fusing together. No such 
mistake is possible when the vacuum is good. I have not been able 
fo determine with certainty whether the red line seen at atmospheric 
pressure is a remnant of the compound line spectrum, or whether it is. 
‘line of the elementary line spectrum closely coincident. I am in- 
clined to the former view, although it often seemed as if the line seen 
at atmospheric pressure was less refrangible than the red line of the 
‘ompound line spectrum. I have drawn attention in a letter to 
Nature ” (December 20), to the fact that the compound line spec- 
trum of oxygen seems to be reversed in the sun. I have no further 
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information to add on that point, and the wave-length of the lines wil] 
be found in my letter. 

The Spectrum of the Negative Pole—This spectrum has first beep 
correctly described by Willner. It consists of five bands, one of 
which is too weak to be measured. The appearance of each band hag 
already been described (page 384). Careful measurements of the bands 
have been taken. With regard to the explanation of the separate 
spectra found at the negative pole in nearly all gases, I incline to the 
view that they are due to separate molecular compounds which are 
formed at the pole. The following experiments seem to-.support that 
view. When the pressure is very small the spectrum of the negative 
pole extends throughout that half of the tube which encloses the 
negative pole, and which I shall call the negative half. If the current 
be suddenly reversed the spectrum of the negative pole will still he 
seen at first, in that part which was the negative half and now is the 

positive half of the tube; but it will gradually disappear and a perma- 
_ nent state will be established, in which the spectrum of the negative 
pole is, as before, only seen in the negative half. That it is the 
reversal and not the interruption uf the current which produces the 
result is easily proved by interrupting the current and at once closing 
it again the same way, when no difference will be seen. If, however, 
the current be left interrupted for some time, say one minute, so that 
any compounds which may have been formed in the negative half 
may diffuse into the other half, and if then the current is closed either 
the same or the opposite way, the negative spectrum will be seen at 
first throughout the tube, but gradually disappear in the positive 
half. | | 

If the current be rapidly reversed in succession, after a little while, 
when the effect of the first reversal has disappeared, the permanent 
state will always be established at once, and the spectrum of the 
negative pole will appear only in the negative half. : 

If after the last experiment the current be interrupted for some 
time and then closed, the spectrum of the negative pole will at first be 
seen throughout the tube, and gradually disappear in the positive 
half. 


It is not quite easy to see the explanation of the last two exper 
ments. 

The experiments were all made in the Cavendish Laboratory, Cam- 
bridge, and I am much obliged to Professor Clerk Maxwell, for the 
kindness with which he has placed the resources of the Laboratory at 
my disposal. | 
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TV. “On the Variations of the Diurnal Range of the Magnetic 
Declination as recorded at the Prague Observatory.” By 
BaLFouR STEWART, LL.D., F.R.S., Professor of Natural 
Philosophy at Owens College, Manchester. Received 
May 2,1878. | 


1. The Prague magnetic observations began in July, 1839, and 
have been continued until the present date. The observation hours, 
18h., 22h., 2h., 10h., are common to the whole series, except for the 
year 1853, during which observations were made only at the hours 
lsh, 2h., 10h. As far, however, as the estimation of the diurnal 

range of magnetic declination is concerned, these last three hours are 
| practically as good as the former four, inasmuch as the observations at 
22h. are hardly ever made use of in determining the diurnal range. 

In the determinations herein recorded, magnetic disturbances are 
included, and the range is a mean monthly one, obtained by comparing 
together the mean values of the magnetic declination, corresponding 
to the hours 18h., 22h., 2h., 10h., for any given month, and taking 
the difference between the highest and the lowest of these values as 
representing the mean range for that month. There is reason to 
believe that the ranges thus obtained are not greatly different from 
those which would have been obtained from an hourly series of observa- 

tons. | 


A: Annual Variation of Declination- Range. 


2. In order to obtain this variation, the mean monthly ranges 
obtained, as already described, and extending from the beginning of 
1840 to the end of 1876, have been made use of. From these we 
obtain the following table :— 


Tat I. Containing mean values, for each month in the year, of 
' the declination-range at Prague, in minutes of arc, taken from the 
whole series of thirty-seven years. 


Ym. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 
6-808 8 10 366 10-607 11°518 11-184 10695 8-361 7°365 5-668 4-699 


B. Variations of Long Period. 


3. In order to investigate the long-period variation of the Prague 
declination-range, I have treated these observations precisely in the 
way in which the Kew declination-ranges were treated (Proc. Roy. Soc., 
March 22,1877). By this method, proportional values of the declina- 
ton-range at Prague have been obtained for the middle points of each 
nonth for each year, and it is believed that these values are freed 
from any recognised inequality depending either on the month of the 
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year or on the relative position of the sun and moon. Thege 
exhibited in Table II. 


ate 


-Tasie II. Exhibiting monthly means of the declination-range, the 
mean value of the range for the whole series for each month, a 
given in Table I, being reckoned = 1000. 


1839 
1840 
1841 
1842 
1843 
1844. 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 


1863 


1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Jan. | Feb. |March| April | May | June | July | Aug. | Sept. | Oct. | Nov. | De. 

3 1214 | 1396 | 1204 |. 1355 | 1399 | 1047 
1299 | 1420 | 1168 | 1234 | 1088 | 1061 | 1057 | 1007 | 1190 | 1184 | 1147 | 16% 
1193 | 1181 | 1085 | 925 | 949 | 1015 | 845 | 873) 954] 970] 958| 107 
8341 830] 861 | 921] 822! 736! 773| 73931 ™ 
706 | 731 | 782 | 789| 866] 814] 
557 | 473 | 716| 753 840| 803] 764| 986! 864] 77 
710 | 718 | 877| 833] 977 854)| 970| 739 | 734] %8 
676 | 671 950] 1086! 999 | 1066 } 1029 905 | 958) 
725 | 996 | 1012 | 1096 | 972 | 1017 | 3214 | 1236 | 1157 | 1461 | 147 
1384 | 1209 | 1225 | 1034 | 1254 | 1251 | 1361 | 1407 | 1294 | 1211 | 1138) 137 
1459 | 1329 | 1259 | 1290 | 1266 | 1200 | 1207 | 1080 | 1073 | 1107 | 1161| ® 
1316 | 1113 | 1152 | 1127 | 1270 | 1281 | 1206 | 1087 | 1136 | 1155 | 1004) % 
1206 | 918 | 830] 938] 1015 | 1074 | 1043 | 929 | 1024 | 1054 | 961 | 12% 
1193 | 1486 | 1164 | 1023 | 1000 | 1048 | 932 | 949 | 1060 | 1063 | 1178 | 1 
934 773 | 1023 | 839] 767| 878| 949] 850| 930} 100 
925 | 1275 | 976] 9991! 876| 942] 899| 760| 850] 
897 | 969 | 917 | 872] 841]! 870! 819| 782| 953] 835} 
649 | 824] 630| 762! 829| 805! 866| 871| 817| 77} 
734 | 762 | 6911 767! 839 | 927! 899] 861 | 950 | 1084| & 
938 | 1074 | 908 | 1027 | 470| 4631! 621 | 1003 | 1265 | 1359 | 1087} 
655 | 920 | 1220 | 1365 | 1263 | 1167 | 1177 | 1239 | 1629 | 1442 | 1256) 1% 
1104 | 1193 | 1395 | 1116 | 1290 | 1355 | 1336 | 1429 | 1142 | 1111 | 968; 
946 | 1241 | 1004 | 1169 | 1113 | 1122 | 1034 | 1086 | 1014 | 887 | 1007) 1 
1014 | 719] 915,| 888 | 1168 | 1130 | 1165 | 895 | 1295 | 1019 
1306 | 1135 | 1072 | 10441 1150] 967] 957 | 928| 954 | 1019 | 1057) 1” 
998 | 845 | 1085 | 876| 1033] 915 | 942| 823 | 1001 | 1018) 
1072 | 1044! 1173 | 928| 1005} 900| 846| 894| 999| 834| 90| 
1172 | 1353 | 835 | 901 | 849] 848| 697| 804] 731 | 11% 
831 | 767 | 864] 840] 831 | 858] 821 | 794] 703]. 704 
874] 836 | 991 | 1084] 884] 947] 972| 921 | 10% 
1053 | 1041 | 1129 | 1041 | 1033 | 1270 | 1177 | 1033 | 1135 | 1096 | 932 be 
1142 | 989 | 1308 | 1386 | 1452 | 1318 | 1393 | 1369 | 1353 | 1287 | 14% Ss 
1183 | 1547 | 1315 | 1425 | 1289 | 1346 | 1354 | 1453 | 1257 | 1188 | 1681 iat 
1368 | 1031 | 1147 | 1292 | 1258 | 1195 | 1254 | 1289 | 1276 | 1113 | 1380 a 
1533 | 1052 | 1121 | 1166 1015 | 869 | 1017 | 1012 | 1018 | 1018} 988 . 
229 | 1094 | 932] 950! 904! 825 | 931 | 846| 872 
464 | 830} 778| 848| 867| 858] 783 | 824] 780| 695| Gal 
721 | 623! 717| 724! 880| 750] 687 | 796| 66 

| 


4, The numbers of Table II have next been dealt with precisely? 


the way in which the corresponding numbers were dealt with in the 
case of the Kew and Trevandrum observations, that is to say, a set of 
nine-monthly values of declination-range has been obtained, come 
ponding to similiar nine-monthly values of spotted solar area. 

are exhibited in the following tables, up to the end of the year 1882, 
after which date a comparison between the spots and declinsiil™ 
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ranges has already been made in Leroy communications (Proc. Roy. 
Soc., March 22, 1877, and Feb. 7, 1878). 


Taste III. Prague Declination-Range.—Nine-Monthly Values.* 


1839. | 1841. | 1843. | 1845. | 1847. | 1849. 1851. 1853. 

le (0)... 1167 | 776 | 824 | 924 | 1299 | 1036 | 974 

Feb. (0) 1155 | 779 | 844 | 982 | 1286 | 1028 | 953 

| Mar. (0) 1126 782 847 940 | 1280 | 1019 936 
April (0) 1092 | 780 | 846 | 957 | 1277 | 1003 | 911 
May (0) 1040 | 793 | 855 | 994 | 1257 | 995 | 882 _ 
Jane (0) 990 | 812 | 861 | 1040 | 1220 | 989 | 866 ; 
July (0) 965 | 802 | 863 | 1096 | 1192 | 985 | 870 ia 
Aug. (0) 954 | 791 | 869 | 1155 | 1167 | 1013 | 879 a 
Sept. (0) 950 | 783 | 864 | 1203 | 1153 | 1052 | 884 a 
Oct. (0) 937. | 753 | 839 | 1230 | 1146 | 1093 | 917 a 
Nov. (0) .... 920 | 734 | 821 | 1250 | 1135 | 1124 | 947 ia 
Dec, (0),...| 1278 | 911 | 727 | 824 | 1266 | 1128 | 1128 | 951 ia 
1840. | 1842. | 1844. | 1846. | 1848. | 1850. | 1852. | 1854. ig 
Jan. (0)....| 1262 | 914 | 719 | 835 | 1269 | 1184 | 1131 | 962 . 
Feb. (0)....;1287 | 909 | 710 | 850 | 1271 | 1156 | 1136 | 978 i 
Mar. (0)....| 1218 | 889 | 703 | 877 | 1283 | 1173 | 1180 | 980 oe 
om (0)....| 1175 | 869 | 718 | 912 | 1292 | 1175 | 1122 | 984 i 
(0)....| 1161 | 843 | 729 | 926 | 1279 | 1180 | 1107 | 968 
June (0)....| 11683 | 826 | 750 | 938 | 1259 | 1178 | 1088 | 949 | ‘ 
July (0)....| 1141 | 826 | 795 | 969 | 1245 | 1168 | 1063 | 912 
Aug. (0)....|-1151 | 817 | 813 | 978 | 1250 | 1159 | 1039 | 875 . q 
Sept. 0) .»--| 1175 | 801 | 810 | 961 | 21281 | 1154 | 1027 | 868 | 
Oct. (0)....] 1178 | 789 | 808 | 938 | 1810 | 1139 | 1009 | 862 | 
Nov. (0)....| 1185 | 779 | 810 | 927 | 1815 | 1094 | 995 | 862 | 
Dec. (0)....| 1178 | 776 | 814 | 924 |1811 | 1055 | 989 | 861 ] 


Taste IV, Spotted Solar Areas—Nine-Monthly Values.* 


thove in Table IV correspond to the middle of each month, 


| 1839, | 1841, | 1843. | 1845. | 1847. | 1849. | 1851. 
Jan, (2)...........| 780 | 456 | 181 | 384 | 722 | 1118 | 675 | 
Fob, (2).,.........| 731 | 486 | 171 | 808 | 706 | 1073 | 668 : 
eee 745 | 400 | 144 | 407 | 728 | 1008 | 668 | 
ee ae 795 | 362 | 115 | 419 | 805 | 964 | 677 | 
y (2)...........| 866 | 358 | 101 | 418 | 946 | 890 | 695 | 
: June (2) ....... 853 | 368 | 95 | 4038 | 1068 | 797 | 678 
1 duly (2)........ 792 | 369 | 102 | 382 | 1103 | 751 | 632 | 
Aug, (2),..........| 772 | 365 | 114 | 353 | 1148 | 726 | 618 
he Sept. (2)...........| 787 | 335 | 112 | 348 | 1981 | 694 | 615 
of (2)...........| 795 | 293 | 102 | 388 | 1988 | 678 | 613 _ 
OV, (2) 786 | 264 | 103 | 444 | 1805 | 661 | 638 
: Dee, (2),..........| 775 | 255 | 117 | 606 | 1309 | 632 | 656 | 
| 
: * The numbers in Table III correspond sa: the beginning of ile month, while 
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Days 
1840. | 1842. 1844.| 1846. | 1848.| 1950, 
| Jan. (2)..........-| 714 | 246 | 129 | 569 | 1276 | 691 : 
| Feb. (2)...........| 616 | 221 | 137 | 607 | 1189 | 617 a 
Mar. 2) seseeeeeees| 568 | 205 | 160 | 618 | 1104 | 586 
April (2)...........| 583 | 200 | 175 | 646 | 1038 | 547 
May (2)...........| 598 | 196 | 179 | 680 | 996 | 598 
June (2)........---| 588 | 209 | 188 | 675 | 981 | 510 
577 | 226 | 180 | 647 | 976 | 487 
. 563 | 224 | 195 | 614 | 1031 | 481 
t. (2) oeseseeeee-| 526 | 217 | 218 | 609 | 1115 | 519 
Oct. (2).........--| 479 | 206 | 260 | 656 | 1142 | 571 
, Nov. (2)...........| 4683 | 187 | 322 | 714 | 1187 | - 604 
) Dec. (2)..........-| 468 | 180 | 360 | 737 | 1124 | 646 
| ag 
7 
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5. The results of Tables III and IV are exhibited in Diagram I 
shove, in which figs. 1 and 3 represent sun-spot values, and figs. 2 and 
| 4 Prague declination-ranges. From these figures it will be seen that 
- gnumber of points in the sun-spot curves may be fairly identified as 
corresponding to certain points in the declination-range curve, but 
that the latter invariably lag behind the former in time. It ought, 
however, to be borne in mind that here the materials for comparison 
are not quite of the same order of completeness as in the case of Kew 
and Trevandrum. 

The lagging behind may be well seen by comparing together the 

of maximum and minimum sun-spot frequency with the corres- 
epochs of declination maximum and minimum range. We 
| thus obtain the following result :— ; 


tou V. In which the Epochs of Maximum and Minimum San-Spots 
i are Compared with those of Declination-Range. 


ie iin, June 15, 1843...Prague, dec.-range, min., Feb. 28, 1844. 
Solar max., ‘Dec. 15, 1847... .Prague, dec.-range, point 7, max., March 
— Prague, dec. -range, min., Mar. 31, 1856. 
eee Sept. 15, 1855 { Fon dec.-range, min., Feb. 15, 1856. 
J Kew, dec.-range, max., April 15, 1860. 
Mov. 15, 1859 Trev., dec.-range, max., May 15, 1860. 
Mar. 15, 1867...Kew, dec.-range, min., 15, 1867. 


m i ita of the sun-spot ranges precede those of the declination-ranges 
of time. 


os good for the purpose of investigating these periods with 
@eederived from Kew or Trevandrum. In the Prague series we have 
my Pne.value for each month, whereas in the Kew or Trevandrum 
‘Wi we have one value for each week. Inasmuch, however, as the 
eee series is longer than either of the others we may, perhaps, 
Mite it'as of equal value for the purpose now in hand with the Kew 
=, while the Trevandrum series, on account of its comparatively 
— duration, can ‘hardly be regarded as possessing more than half 
: weight of either of the others. If we treat the Prague observa- 
wean the manner in which the Kew observations were treated (Proc. 
Soc., March 22nd, 1877), we obtain the following result :— 


thus examined the most trustworthy sun-spot values anc 

- + @einafion-ranges, and it may, I think, be fairly concluded that there 

| 
| which seem to depend on Planetary Configurations. 
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Tapte VI.—Venus and Mercury together (0° denotes Conjunction, in 
all 94 sets). : 


Between 0 and _ 30 +700 
30 60 —171. 
60 90 —553 
120 +314 
210 5» 240 +107 
—814 
—218 


a result which is similar to that derived from Kew, in which we have 
manifest indications of a single, with some traces of a double, period. 

7. If we next take the period of Mercury about the sun, we obtain 
the following result :— : 


TaBLE VII.—Period of Mercury about the Sun (in all 153 sets, 0° denotes 
Perihelion). | 


: > First half. Second half. Whole series. 
Between 0 and 30 + 565 —209 + 356 


— 384 — 985 


60 
90 
120 


90 
120 
150 


—483 
— 442 
— 64 


— 924 
—1339 
—1143 


+272 — 709 
+442 + 266 
99 . 870 + 369 + 776 
+ 59 + 900 


We thus perceive a very considerable likeness between the resulls 
derived from the two halves, while the whole is very similar t0 the 
corresponding periods derived from the Kew or from the Trevandraa 
series, | 

8. Let us finally take the period of conjunction of Mercury and 
Jupiter, and we obtain the following result :— 
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Tste VIII.—Period of Conjunction of Mercury and J upiter (in all 
150 sets, 0° denotes Conjunction). 


Between 0 and 


oO } 


800 , 320 +4806 +686. 
+885 +1185 


+ 300 


First half. Second half. Whole series. 


Here, as before, we have a very considerable likeness between the 


results derived from the two halves, while the whole is very similar to — 


the corresponding period derived from the Kew series or from that of 
Trevandrum. 

9. Let us now try to combine together the planetary periods derived 
from the three observatories—Kew, Trevandrum, and Prague—giving 
equal value to the results of Kew and Prague, and half value to those 
of Trevandrum.- 


We thus obtain the following values of a single the unit 


as before, one thousandth of the whole mean range :— 


Taste [X.—Mean Magnetic Result from the various Observatories. 


Venus and Mercury. 
Kew. Prague. Mean. 

Between ard 380 +4 +7 °45 +6 °20 

60 +0 °59 —1 °82 —0°61 

90 —5 ‘03 —5 °88 —5 ‘45 

—5 ‘31 —1 °06 —3 

—2 °38 +3 +0 °48 

—1°5l +0 —0 ‘26 

he —+0°33 +1°14 +0°73 
+0 ‘66 —3 ‘20 —1 ‘27 
2... +8 °47 +5°76 
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! Period of Mercury. | 
Kew. Trev.* Prague. Mean. 
Between 0 and 30 +660 + 3°02 42:33 444 
60 + 3°91 49% 
, 0 +394 —604 
150. , 180 -6°75 —5:19 —464 
210 , 240 —429 —15°23 41°74 —47 
2) , 2700 — 814 +507 
240.4, +020 + 2°39 +604 
9300 , 330 +243 46°20 45% 
Mercury and Jupiter. | 
Kew. Trev. Prague. Men, 
Between 0 and 30 +10°05 +10°53 45°48 48-9 
60 +12°05 + 628 +60 By 
90 +10°35 + 3°00 —5°07 +27 
» 190 +521 = 29°74 
120. , 150 —194 —893 -—882 -60 
150 180 — 800 —10°86 -—6:09 
180 210 —10°76 -—11°33 -—2°63 
210 ,, 240 —10°76 — 9°51 +015 
240 , 270 — 8°70 — 2°84 43°50 
» 270 , 300 —511 +516 +7-05 “+10 
800 , 330 —016 +9°65 
4 330 ,, 360 + 5°44 +411°70 +7:90 +73 
| 10. The mean sun-spot results corresponding to these three periods 
4 @ may be derived from the researches of Messrs. De La Rue, Stewart the 
and Loewy (Phil. Trans., 1870). Forasingle period they areas follow, | 
4 the solar unit being one millionth of the sun’s visible hemisphere:— — 
q TaBLE X.—Mean Solar Results. 
Venus and Period of Mercury aul 
4 | | Mercury. Mercury. Jupiter. 
Between 0 and 30 #£+18°61 —2 
a) : * I take this opportunity of mentioning that a slight error has occurred in BY ss 
a ! determination of the inequality due to the period of Mercury, as shown by the ay 
1s Trevandrum observations (Proc. Roy. Soc., February 7, 1878), and that the abort a 


im the correct result. 
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Venus and Period of Mercury and 
Mercury. Mercury. Jupiter. 
120 and 150 -25°76 -816  —3°48 
— 534 -850 -2-85 
880 +1464 +866 +1112 
360 «+9537. +896 


‘46 fi These three planetary periods, as shown by the mean magnetic results 
97 i of the three, Observatories recorded in Table IX, are exhibited in 
‘6 Hi Diagram II, in which fig. 2 denotes the period of Mercury, fig. 4 that 
32 Hof Mercury and Jupiter, and fig. 6 that of Mercury and Venus, while, 

w shown by the sun-spot results of Table X, they are exhibited in 
| figs. 1, 3, and 5, fig. 1 denoting the period of Mercury, fig. 3 that of 
a. Wi Mercury and Jupiter, and fig. 5 that of Mercury and Venus. 

ll. If we compare together the three sun-spot periods with the 
three magneti¢ periods, as exhibited in these diagrams, we shall remark 
4 preat similarity between them, while, however, as we might expect, 
‘B® Bite declination results lag behind the solar results in point of time. 

12. An inspection of the sun-spot records reveals the fact that at 
umes of maximum spot frequency, not only are there most spots on 
the sun, but that the sun-spot inequalities or oscillations (however 
produced) are at such times much more prominent than during times 
of minimum sun-spot frequency. Now, if it be true that these spot 
prods are due in a grent measure, if not entirely, to planetary con- 
igurstions, we might expect that (possibly from an increase in the 
muiceptibility of the sun) the planetary periods herein investigated 
eriods Hstonld at times of maximum sun-spots be found to be _ than 
ewart, average value. 

@ 13. Thave endeavoured to test this in the following manner :— 

The two most available periods are that of the orbit of Mercury 
gem the sun, and that of the synodic revolution of Mercury and 
: rile. The average sun-spot inequalities for a single period of 
Lof.these have already been given in Table X. Now, it might be 
need that we have ‘only for the present purpose. to. take these 
sand find whether their values, during times of maximum sun- 
" sare greater than their mean values. It-is, however, @ curious and 
nieresting fact that (as far back: ‘as accurate observations extend) t times 
sun-spots correspond well with times when Jupiter is atthe 
of Mercury... Now, itis easy.to see. that.on this account 


1 4 
| i nd apart from any increased susceptibility of the sun, we should 
abores inequalities greater than the average at the times when 


two planets are in this position with respect to each other. For 
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snd Jupiter come together. If then Jupiter be at the same ecliptical 
jngitade a8 that of the periffelion of Mercury, we should expect 
oscillations from the effect of superposition of the two 
alone, apart from any increased susceptibility of the sun. 

we now take a group of fifteen periods, embracing 
wily four years, around each of the epochs when Jupiter is in this 
ion with regard to Mercury. These epochs will be as follows (as 
fr as available sun-spot observations are concerned): March, 1835, 
January, 1847, November, 1858. Let us make use of these selected 
mods to determine the inequality due to the period of Mercury, and 
ako that due to the synodic revolution of Mercury and Jupiter. Even 
Eimere be no increase on these occasions of the susceptibility of the 
a, we shall have results greater than the mean for each of the in- 
| so determined from the effect of superposition alone. In 
Mewords, the apparent Mercury inequality is mixed up with and 
mgge by the superposition of the Mercury and Jupiter in- 
Miity, while the apparent Mercury and Jupiter inequality is, in its 
Me mixed up with and exaggerated by the Mercury inequality. Now, 
othe supposition that the susceptibility of the sun does not alter, we 
n¢ te from knowing the mean inequalities what these apparent 
ities ought to be, because we can calculate the effect of mere 
imposition of the one upon the other. These we may call the 


ma i to an increased susceptibility of the sun on these occasions 
men are also those of numerous sun-spots) the observed planetary 


| zm the following table that this is really the case. 


ex. Comparing together the observed and calculated sun-spot 
a inequalities for selected periods. 


Period of Mercury 
Observed. Calculated. 


me Between 0 and 30 — 2°31 — 3°95 
30, 6  —10¢3 
oO 90 —33 ‘07 —12°10 
—40 37 —12 ‘33 
—37 °50 —11 ‘96 
— 2°04 — 5°83 
+1829 + 1°54 
“0... +37 ‘09 + 6°99 
300 ,, 330 +43 °55 + 8°91 
330 + 22 + 3°63 


mequalities. Now, if there be an exaltation due, let us — 


should be greater than the calculated. It will: be seen 
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Mercury and Jupiter together (one revolution), 


Observed. Calculated. 
Between 0 and 30 — 5°76 — 3°22 
90 — 33 ‘26 —11°72 
im —27 °22 — 
in ‘24 — 4°84 
ca 210 , 24 +10°78 + 0°73 
+27 °76 + 5-45 
270 00 +37 °35 + 8°33 
3a + 35 °33 + 7°29 


The results of Table XI are exhibited in Diagram II, in which fig.7 
gives the observed and the calculated sun-spot inequalities for the 
period of Mercury, and fig. 9 the same for the period of Mercury and 

15. If we now turn to declination-ranges we shall find that there 
are greater oscillations or sub-periods in the value of these ranges 
during times of maximum than during times of minimum sun-spots. 
But on the other hand the increased value of such oscillations is by no 
means so striking as in the case of sun-spots. Mr. Broun has already 
made the remark that while there is an increase in the whole declins- 
tion-range during times of maximum sun-spots, yet this increase is 
not so marked as in the case of the spots themselves, inasmuch as we 
have a considerable declination-range when there are no spots on the 
sun. From what has now been said it would seem that a similar 
remark applies to the oscillations or sub-periods of declination-rang®, 
which, while increasing from times of minimum to times of maximum 
sun-spots, do not yet increase so strikingly as the oscillations or sub- 
periods of the spots themselves. | 

16. If we now treat the inequalities of magnetic declination tha 


appear to depend on the two most available planetary configurations 


in the manner in which we have just treated sun-spot inequalities, we 
might expect’ the observed magnetic inequalities corresponding wo 
times of maximum sun-spots to be greater than the calculated m- 
equalities, but not to the same extent as in the case of sun-spots. 

Let us make use for this purpose of the records of the three Obser- 
vatories, Kew, Prague, and Trevandrum. We cannot, however, take 


absolutely the same epochs that we have taken for the sun, inasmuch as : 
for the first of these, March, 1835, there are no magnetic observations. 
We may, however, take the other two epochs, January, 1847, No- 
vember, 1858, and an additional one at October, 1870. ‘Thus we shall 
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lave three epochs in each case, while only two of these are common to 
wih solar and magnetic observations. This comparison is made in . 
the following table. 


‘yup XII. In which observed and calculated declination-range in- 


equalities are compared together for selected periods. 


Observed. Calculated. 
Between and 30 +1] +10 

+ 3°62 + 
— 3:50 + 225 
— 691 — 3-25 
in: — 9:13 — 8°16 
—13°72 —12°12 
210: —10 °44 — 8°68 
— 2°45 — 2°62 
+ 7°73 + 4°10 
+1514 +: 9:26 
300 , 300. +16 °20 +11 

Mercury and Jupiter together (one revolution). 
Observed. Calculated. 

Between’ 0 and 30 +11°87° +11 ‘61 
60 + 2°56 + 8:07 
— 4:26 + 2°75: 
‘s — 8°72 — 2°45 
int. ie —13 ‘85 — 7°93 
—16 “24 —11°97 
— 8°32 — 
°39 + 3°44 
+1691 + 8°74 
+17 +11 °89 


Period of Mercury (one revolution). 


The results of Table XII are exhibited in Diagram II, in which fig. 8 
ethibits the observed and calculated magnetic inequalities for the 
“seta of Mercury, and fig. 10 the same for the period of Mercury and 
upiter, | 

17. It thus appears that in the case of the magnetic declination 
Periods there is (as in those of sun-spots) an exaltation of the observed 
‘ver the calculated- values during times of maximum sun-spot fre- 
(tency, but this exaltation is not so marked as in the case of sun-spots. 

: Now, without pretending to know in what way the sun influences 
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the magnetism of the earth, we may imagine that the increased value 
not only of the average declination-range but also of the sub-periods 
of these during times of maximum sun-spots may be due to one of two 
causes, or to both of these together. Thus we may imagine that the 
sun has an increased magnetic. influence during such periods, or we 
may imagine that there is an increase in the magnetic susceptibility of 
the earth ; or, finally, we may imagine that both of these causes operate 
together. I cannot help thinking that we have some evidence of an 
increase of the magnetic susceptibility of the earth on such occasions 
derived from two facts discovered by Mr. Broun. The’one is that the 
magnetic influence of the moon on the earth shows traces of following 
the solar period, this influence being greater during times of maximum 
than during times of minimum sun-spots. The other is that at Trevan- 
drum the lunar magnetic influence, without changing its type, exhibits 
an increase of value when the sun is above the horizon at that place, as 
if on such occasions there were an increase of susceptibility to the lunar 
influence. These, however, are points which can only be determined 
by a further discussion of observations. 

In conclusion, I beg to record my thanks to Mr. W. Dodgson ait 


Mr. Morisabro Hiraoka, who have kindly assisted me in the work of 
this paper. 


Presents, April 4, 1878. 
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Brussels :—Société Malacologique de Belgique. Procés-Verbaux des 
Séances. Année 1877. Tome VI. 8vo. Bruzelles. The Society. 
Dublin :—Royal Geological Society of Ireland. Journal. Vol. XIV. 
(New Series. Vol. IV). Part 3. 8vo. 1876. The Society. 
Frankfort:—Neue Zoologische Gesellschaft. Der Zoologische Garten: 
Zeitschrift fiir Beobachtung, Pflege und Zucht der Thiere. 
Jahrgang XVIII. No. 4-6. 8vo. Frankfurt-a.-M. 1877. 

The Society. 

London :—Iron and Steel Institute. Journal. 1877. No. 2. 8vo. 
The Institute. 
Victoria Institute. Journal of Transactions. Vol. XI. No. 42-4. 
Vol XII. No. 45. 8vo. 1877-78. The Institute. 
Zoological Society. Transactions. Vol. X. Part 3, 4, 5. Ato. 
1877-78. Proceedings of the Scientific Meetings for the yea" 
1877. Part 3, 4. 8vo. 1877-78. The Sociéty. 
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Transactions (continued). 

Rome :—R. Comitato Geologico d’Italia. Bollettino. No. 11 e 12. 
Novembre-Dicembre 1877. 8vo. The Institution. 

Vienna :—Kaiserliche Akademie der Wissenschaften. Denkschriften. 
Math. Nat. Classe. Band XXXVII. Phil. Hist. Classe. Band 
XXVI. 4to. Wien 1877. Sitzungsberichte. Math. Nat. Classe. 
Band LXXIV. Heft. 3-5. Abth. 1, 2. Heft. 1-5. Abth. 3. 
Band LXXV. Heft. 1-5. Abth. 1-3. Band LXXVI. Heft 1. 
Abth. 2. 8vo. 1877. Phil. Hist. Classe. Band LXXXIV- 


LXXXVII. 8vo. 1877. Almanach. Jahrgang XXVII 1877. 


8vo. The Academy. 


Ernst (A.) Estudios sobre las deformaciones, enfermedades y enemigos 
del Arbol de Cafe en Venezuela. roy. 8vo. Caracas 1878. 
The Author. 
Gervais (P.) Funérailles de Claude Bernard. 16 Fev. 1878. Dis- 
cours au nom du Muséum d'Histoire Naturelle. 4to. Paris. 
The Author. 


Millar (W. J.) On Strain and Fracture in bars of various Materials. — 


8vo. Glasgow 1878. The Author. 
Plateau (F'.) Note additionnelle au Mémoire sur les phénoménes de 


la Digestion chez les Insectes. 8vo. Bruwelles 1877. Recherches’ 


sur la Structure de l’Appareil digestif et sur les phénoménes de 
la Digestion chez les Aranéides Dipneumones. 8vo. The Author. 
Trois (E. F.) Ricerche zootomiche e istologiche sul Luvarus Im- 
perialis. 4to. Venezia 1877. The Author. 


Presents, April 11, 1878. 


Transactions. | 
Leipzig :—Naturforschende Gesellschaft. Sitzungsberichte. Jahrgany 
IV. No. 2-10. 8vo. 1877. The Society. 
liége :—Société Royale des Sciences. Mémoires. 2e Série. Tome 
VI. 8vo. Bruwelles 1877. The Society. 


London :—Institution of Civil Engineers. Minutes of Proceedings. 
Vol. LI. Session 1877-78. Part 1. 8vo. 1878. The Institution. 
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St. Petersburg :—Académie Impériale des Sciences. Mémoires. 
_ Tome XXIV. No. 4-11. Tome XXV. No. 1-4. 4to. St. Péters- 
bourg 1877. The Academy. 
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Transactions (continued). 
Vienna :—Anthropologische Gesellachaft. Mittheilangen. Band VII. 
. No. 10-12. 8vo. Wien i877. The Society, 
K. K. Geologische Reichsanstalt. Abhandlungen. Band VII 
No. 2. (Die Culm Flora, von D. Stur). 4to. Wien 1877. Jahr. 
buch. Band XXVII. No. 4. 8vo. 1877. Verhandlungen. Jahr: 
gang 1877. No. 14-18. 8vo. The Institution. 


Reports, Observations, dc. 
Ballaarat of: Mines. Annual Report. 8vo. 1877. (2 copies). 
The School. 
Cape of Good Hope:—Royal Observatory. Results of Astronomical 
Observations made during the year 1875, under the direction 
of EH. J. Stone, F.R.S. 8vo. Cape Town 1877. 
The Observatory. 
Coimbra :—Observatorio Meteorologico e Magnetico da Universidade. 
Observacoes Meteorologicas e Magneticas. 1877. folio. 
The Observatory. 
St. Petersburg :—Physikalische Central Observatorium. Annalen, 
herausgegeben von H. Wild. J ahrgang 1876. 4to. 1877. 


The Observatory. 
Windsor, Nova Scotia :—King’s College. Calendar for 1877-78. 8vo. 


Halifax [U.S.] 1877. College. 


Antoine (Ch.) Des propriétés mécaniques des Vapeurs. 4e Mémoire. 
De |’ Application des Lois de Mariotte et de Gay-Lussac aux 
Vapeurs. 5e Mémoire. Analyse des expériences faites par Mr. 
Regnault sur les tensions de la Vapeur d’eau. 4to. Brest 1877-78. 

The Author. 

Chimmo (Capt, Wm.) Natural History of the Euplectella Aspergillum 
(Venus’s Flower Basket) from the Philippine Islands. 4to. London 
1878. The Author. 

Coutts (J.) The Philosophy of Man and Creation (the Microcosm 
and the Macrocosm) as manifested by Revelation and Science. 
12mo. London 1878. The Author. 

De La Rue (W.), F B.S., and H. W. Miiler, F.R.S. Experimental 
Researches on the Electric Discharge with the Chloride of Silver 
Battery (from “ Phil. Trans.”), Part1. 4to. London. 1878. 

The Author. 

Harley (Dr. G.), F.R.S. Rational Spelling: a Conservative Scheme 
for National Spelling Reform. 8vo. London 1878. The Author. 


2 
t 
3 
2 
it 
| 
‘ 
ait 
a 
} 
‘ 
t 
ay 
4 
t 
it 
4 
js 
4 


1878. | Presents. 


Muratori (Lodovico Antonio) Scritti Tnediti, pubblicati dalla KR. 
Accademia di Scienze, Lettere ed Arti in Modena a celebrare 11 


secondo Centenario dalla nascita di Ini. 8vo. Modena 1872. Re- 
lazione Ufficiale del riconoscimento e del trasporto delle Ossa di 


L. A. Muratori. 11 Ott. 1872. 4to. 1872. Guida per le feste de 
20 Centenario di L. A. M. 21 Ott. 8vo. 1872. Inni popolari ad 
onore di L. A. M. 8vo. The Syndic of the City of Modena. 


Nitrate and Guano Deposits in the Desert of Atacama: an account of 


the measures taken by the Government of Chile to facilitate the 
development thereof. 8vo. London 1878. The Chilian Minister. 


Presents, May 2, 1878. 


Transactions. 
Graz :—Naturwissenschaftlicher Verein fir Steiermark. Mitthei- 
lungen. Jahrgang 1877. 8vo. The Society. 


Jena :—Medicinisch-Naturwissenschaftliche Gesellschaft. _Jenaische 
Zeitschrift fiir Naturwissenschaft. Band XII. (Neue Folge. 


Band V). Heft. 1. 8vo. 1872. © The Society. 
Modena:—Societa dei Naturalisti. Annuario. Anno 12. Dispensa 
1, 2. 8vo. 1878. The Society. 


Munich :—Koniglich Bayerische Akademie der Wissenschaften. 


Abhandlungen der Historischen Classe. Band XIII. Abth 3. 


4to. Miinchen 1877. Abbandlungen der Philosophisch-Philo- 
logischen Classe. Band XIV. Abth. 2. 4to. 1877. Sitzungs- 


berichte. Philos.-philol. und Hist. Classe. 1877 Heft. 3, 4. 


Math.-phys. Classe. 1877 Heft. 3. 8vo. The Academye 
Rome:—R. Accademia dei Lincei. Atti. Serie terza. Transunti. 
Vol. II. fase. 8, 4. 4to. Romu 1878. - The Academy. 


Reports, Observations, é&c. 


Calcutta :—Great Trigonometrical Survey of India. General Report 


of the Operations during 1876-77, by Colonel J. T. Walker, 
F.R.S. folio. 1878. The Survey. 
Coimbra :—Observatorio da Universidade. Ephemerides Astrono- 
micas para o anno de 1879. roy. 8vo. 1877. The University. 
Lisbon :—Observatorio do Infante D. Luiz. Annaes. 1875. Vol. 
XIII. folio. Lisboa 1877. Resumo das principaes Observacoes 
meteorologicas executadas durante o periodo de 20 annos decor- 
ridos desde 1856-75. folio. 1877. Postos Meteorologicos. 
1875. 2 parts. folio. 1876. The Observatory. 
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Reports, &c. (continued). 
Melbourne :—Geological Survey of Victoria. Prodromus of the 
Paleontology of Victoria, by F. McCoy. Decade 5. roy. 8yo, 
| 1877. The Survey. 
Moscow :—1’Observatoire. Annales, publiées sous la rédaction ie 
_ Th. Bredichin. Vol. IV. liv. 1. 4to. Moscou 1878. 


[May 9, 


The Observatory. 
Paris :—Comité International des Poids et Mesures. Procés-Ver- 
baux des Séances de 1877. 8vo. 1878. The Commission. 


Pulkowa :—Nicolai Hauptsternwarte. Observations de‘ Poulkova, 
publiées par Otto Struve. Vol. VII. Observations faites au 
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8vo. St. Petersburg 1877. The Observatory. 

Washington :—Department of Agriculture. Report of the Com. 
missioner of Agriculture for the year 1876. 8vo. 1877. | 

| The Department. 


—- 


Blantord (H. F.) The Indian Meteorologist’s Vade-Mecum. Part l, 
_ Instructions to Meteorological Observers in India. Part 2. 
Meteorology of India. 2 Vols. roy. 8vo. 1876-77. Tables for 
the reduction of Meteorological Observations in India. roy. 8v0. 
1876. | The Indian Government. 
De La Rue (Warren) F.R.S. Tables for the reduction of Solar - 
Observations. No. 2. 4to. London 1878. The Author. 
Lewis (T. R.) and D. D. Cunningham. Cholera in relation to certain 
3 Physical Phenomena. 4to. Calcutta 1878. The Author. 
Meldrum o. ) F.R.S. Sun-spots and Rainfall. folio. Mauritius 1878. 
| The Author. 
Meyer (C. J. A.) ‘On the Lower Greensand of Godalming. 8vo. 
London 1868. . The Author. 
Reade (T. M.) The Age of the World as viewed by the Geologist 
and the Mathematician. 8vo. London 1878. The Author. 
Trois (E. F.) Catalogo delle dimostrazioni anatomiche eseguite da 
K. F. Trois. 8vo. Venezia 1878. Nuovi Fatti risguardanti ls 
storia del sistema linfatico dei Teleostei. 8vo. Venezia 1878. 
The Author. 


Presents, May 9, 1878. 
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Breslau: Gesellschaft fiir Vaterlindische Cultor. 
Vierundfiinfzigster Jahres-Bericht. 8vo. 1877. The Society. 
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Transactions (continued). 
Calcutta :—Geological Survey of India. Records. Vol. II. Part 5 
The Office. 


Cambridge [U.S.]:—Museum of Comparative Zoology at Harvard 
College. Memoirs. Vol. V. No.2. Report on the Hydroida, 
by Dr. Allman, F.R.S. 4to. 1877. Vol. VI. No. 2. Report on 
the Fossil Plants of the auriferous gravel deposits of the Sierra 


Nevada, by Leo Lesquereux. 4to. 1878. The Museum. 
Chicago :—Academy of Sciences. Annual Address read by E. W. 
Blatchford. 8vo. 1878. The Academy. 


Heidelberg :—Ruprecht- Karls Universitit. Anzeige der Vorlesun- 
gen. 1877-78. 8vo. Adressbuch. 8vo. 1877. Zur Lehre von der 
binokularen Accommodation, von T. Rumpf. 8vo. Rostock 1877. 
Zur Entwickelung der Amphibienniere, von M. Firbringer. 
8vo. Heidelberg 1877. Die systolische Hirngerausch der 
Kinder, von A. Jurasz. 8vo. 1877. Untersuchungen vber die 
Entwickelung des Samens der Orobanchen, von L. Koch. 8vo. 
Berlin 1877. Der Hochaltar zu Alt-Breisach. 8vo. 1877. 
Dissertationen, von O. Behaghel, S. Brandt, P. Piper, A. 

- Tanner. 8vo. 1877. Rede von J. C. Bluntschli. 4to. 1877. 
The University. 

Kazan :—Imperial University. Uchenuiya Zapiski (Scientific 
Notes). 1876 No. 1-6. 1877 No. 1-6. 8vo. The University. 

London :—Entomological Society. Transactions for the year 1877. 


Part 2-5. 8vo. The Society. 

New York:—American Geographical Society. Bulletin. Session 
1876-77. No. 5. 8vo. The Society. 
Palermo :—Societa di Scienze Naturali ed Economiche. Giornale. 
Anno 1876-77. Vol. XII. 4to. 1877. The Society. 


Caton (J. D.) On the irregularity of the flow of Artesian Wells. 


Chicago 1874. The Author. 
Dillinger (J. v.) Aventin und seine Zeit. 8vo. Miinchen 1877. 

The Author. 

Pumpelly (R.) Metasomatic Development of the Copper-bearing 

Rocks of Lake Superior. 8vo. 1878. The Author. 


tti (Francesco) Sulla Temperatura delle Fiamme. 8vo. 
Venezia 1877. Relazione su alcune Esperienze Telefoniche. 8vo. 
1878. Sulla Temperatura del Sole. 4to. 1877. The Author. 
Scacchi (A.) Sopra un masso di Pomici saldate per fusione trovato 
In Pompei. 4to. Napoli 1877. Dell’ Anglesite rinvenuta sulle 
lave Vesuviane. 4to. 1878. The Author. 


? 
| 
2. 
4 
| 
af 
f 
| 
4 
Ags 
H ‘pala 
i 


> 
i} 
4 
a 
4 
it 
+ 
' 
at 


408 Presents. 


Presents, May 16, 1878. 

Transactions. | 
Bremen :—Naturwissenschaftlicher Verein. Abhandlungen. Band V, 

Heft 3, 4. 8vo. 1877-78. Beilage No. 6. 8vo. 1877. 
The Society. 
Dresden :—Kaiserlich Leopoldinisch-Carolinisch Deutsche Akademie 
der Naturforscher. Verhandlungen (Nova Acta). Band 
XXXVIIT, XXXIX. 4to. 1876-77. Leopoldina. Heft 11, 12. 
Ato. 1875-76. | The Academy. 
Jena :—Medicinisch-Naturwissenschaftliche Gesellschaft. Jenaische 
Zeitschrift fir Naturwissenschaft. Band XII. Heft 2. 8vo, 


The Society. 
London :—Royal Institution. Proceedings. Vol. VIII. Part 5. 
(No. 68.) 8vo. 1878. The Institution, 
Royal Medical and Chirurgical Society. Proceedings. Vol. VIII. 
No. 4, 5. 8vo. 1877-78. The Society. 
Royal United Service Institution. Journal. Vol. XXI. No. 93, 
Vol. XXII. No. 94. 8vo.. 1877-78. The Institution. 
Statistical Society. Journal. Vol. XL. Part 4: Vol. XL. 
Part 1. 8vo. 1877-78. Society. 
Sydney :—Linnean Society of New South Wales. Proceedings. 
Vol. II, Part 2. 8vo. 1877. The Society. 
Journals. 


Analyst (The), including the Proceedings of the Society of Public 
Analysts, edited by G. W. Wigner and J. Muter. Vol. II. 8vo. 
London 1878. The Editors. 

Zeitschrift fiir die gesammten Naturwissenschaften, redigirt von 
C. G. Giebel. Dritte Folge. 1877. Band I, II. 8vo. Berlin. 

- The Editor. 


Angelin (N. P.) Iconographia Crinoideorum in stratis Suecie Siluricis 
fossilium. folio. Holmie 1878. The Royal Swedish Academy. 
Astrand (J. J.) Ny method for lésning af trinomiska eqvationer. 
7 Svo. Stockholm 1877. The Author. 
Clifford (W. K.) F.R.S. Elements of Dynamic, an Introduction to 
the study of Motion and Rest in Solid and Fluid Bodies. Part 1. 
Kinematic. 12mo. London 1878. | The Author. 
Hall (James) The Louisville Limestones. Note on the Hydrauke 
Beds and Associated Limestones at the Falls of the Ohio. 40. 
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Yannheim (A.) Nouveau mode de représentation plane de classes 
de surfaces réglées. 4to. Paris 1877. Notes. 4to. 1877. 

The Author. 
Peters (C. A. F.) Bestimmung des Lingenunterschiedes zwischen 
den Sternwarten von Kopenhagen und Altona. 4to. Kjébenhavn 
1877. The Author. 
Platean (F.) L’Instinct des Insectes peut-il étre mis en défaut par 
des fleurs artificielles. 8vo. Paris 1876. Concours quinquennal 

des Sciences Naturelles. Rapport du Jury. 8vo. Bruzelles 1877. 
| | The Author. 
Plateau (J.) For. Mem. R.S. Bibliographie Analytique des principaux 
phénoménes subjectifs de la Vision. Deuxiéme et troisiéme 
sections. 4to. Bruaselles 1877. The Author. 
Ritimeyer (L.) Die Rinder der Tertiir-Epoche nebst Vorstudien 
m einer Natiirlichen Geschichte der Antilopen. Erster Theil. 
Ato. Zirich 1877. | The Author. 
Smith (J. Lawrence) Examination of American Minerals. No. 6. 
8vo. New Haven 1877. A Description of the Rochester, Warren- 
ton, and Cynthiana Meteoric Stones. 8vo. 1877. The Author, 
Volbehr (Friedrich) Die Einweihungsfeier des neuen Universitits- 
Gebaudes zu Kiel. 24 bis 26 Oktober 1876. The Author, | 


May 23, 1878. 
Sir JOSEPH HOOKER, K.C.S.L., in the Chair. 


The Presents received were laid on the table, and thanks ordered for 
them, 7 


The following Papers were read :— 


L “Researches in Spectrum Analysis in connexton with the 
Spectrum of the Sun.” No. V. By J. NorMAN LOCKYER, 
F.RS. Received April 29, 1878. 


(Abstract. ) 


The author submits the first strip of a new normal map of the Solar 
Spectrum, on four times the scale of Angstrém’s. It embraces W. L.. 
, and has been produced by means of photography. 
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[May 28, 
II. “ Experimental Results relating to the Rhythmical and Ry. 
citatory Motions of the Ventricle of the Heart of the Frog, 
and of the Electrical Phenomena which accompany them,” 
By J. BuRDON SANDERSON, M.D., LL.D., F.R.S., and F, J. 
Paas, B.Sc., F.C.S. Received May 6, 1878. 


The results which are shortly stated in the following paragraphs 
relate to (1) the order and duration of the rhythmical and excitatory 
motions of the heart of the frog; (2) the normal electrical condition 
of the surface of the heart and the influence thereon of mechanical, 
chemical, and thermal injuries; and (3) the characters of the normal 
and of the excitatory electrical variation, and the modifications of 
those characters which are induced by injuries of the surface, and 
under the temporary influence of radiant heat. 


Section I.—Order and Duration of the Motions of the Heart. 


1. Duration of the Ventricular Systole.—In the rhythmically contract. 
ing excised heart, 7.e.,in the heart removed by cutting across the sinus, . 
which will in this paper be called “the entire heart,” the frequency of 
the contractions is usually, in winter frogs, a little over 30 per minute. 
The systole of the ventricle lasts about one second. The contraction 
attains its maximum in a little more than half a second after its 
commencement, declining at first gradually, afterwards more suddenly. 
The sudden relaxation occurs between 0'"7 and 0’'9 after the com- 
mencement. At the close of this period the ventricle does not become 
entirely flaccid, for a lever resting upon it continues to descend for 
about a third of a second. 

In the rhythmically contracting heart, removed by cutting throngh 
_the auricles, to be called hereafter “the ventricle preparation,” the 
duration of the ventricular systole is about 1'°35. It attains its maxi 
mum at 0-8 after its commencement, and relaxes rapidly between 
and 

In these statements the word commencement is understood to meat 
the beginning of the hardening of the ventricle. It is preceded by 
period of partial contraction of which the duration is about 0"*Lo, and 
which we propose to call the period of pre-contraction. | 

2. Relation between the Periods of Contraction of the Auricles and Von. 
tricles.—In the entire heart, contracting rhythmically, the contraction 
of the auricle begins about 1'"4 before that of the ventricle, and the 
maximum of the auricular systole is attained 1-2 before that of the 
ventricle. There is an interval of not less than half a second betweel 
the end of the auricular contraction as indicated by the movement of 
a light lever resting upon it and the beginning of that of the ventn® 
It follows from this statement that when the heart is acting ati 
normal frequency, the beginning of the auricular contraction neatly 
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wincides with the maximum of the preceding ventricular systole, and 
| dat their endings are synchronous. 
| 83 The Stannius’ Heart.—In a heart of which the rhythmical action 
hs been arrested by the application of a tight ligature round the line 
ufjunction between the wall of the sinus and of the auricles (“ Stan- 
| nis’ ligature ””), the duration of the ventricular contraction, determined 


byelectrical or mechanical excitation, is much longer than in the beating 


hart. The contraction attains its maximum from 1'°4 to1''’8 after the 
commencement as above defined, the ventricle remaining in full con- 
action for from 0'"4 to 0'5. Accordingly the moment at which the 
mdden relaxation takes place varies between 18 and 2”°0. 

4, Time interval between Excitation and Contraction.—When a con- 
action is produced in a heart ligatured as above described (which 
my be referred to as a ‘“‘ Stannius’ heart”) by the passage through 
my part of its substance of a single induction shock, a sensible delay 
| intervenes between the excitation and the commencement of the con- 
traction. If the electrodes are in contact with two points of - the 
'mrface of the ventricle at a short distance (one millim.) from each 
other, and currents of small intensity, 7.e., such as are just sufficient to 
produce an effect, are used, the delay may amount to three-tenths of a 
seond. In this case contraction of the auricle commences after that 
f the ventricle, the time interval between them being from 0''4 to 


"5. If the seat of excitation be the posterior surface of the left 


wricle near the ligature, the auricle contracts after a delay of about 
oe-sixth of a second, but the ventricular contraction does not com- 
mence until from 0''*4 to 0”°6 later. It frequently happens that the 


watricular systole produced by excitation of the auricle is followed - 


iter an interval of inaction of about 1'3 by a second contraction of 
the auricles. 


Electrical Condition of the Surface of the Uninjured and of 
the Injured Heart. | 


’. The Uninjured Heart.—It was shown by Engelmann in 1873, 
thst the surface of the uninjured resting heart is isoelectric, and 
further, that the slightest mechanical or chemical injury renders the 
injured ‘part negative. These facts we have confirmed in numerous 
Observations relating both to the heart of the toad and of the frog. 
Nature of the Injuries Investigated—In order to investigate the 
influence of a local injury on the condition of the surface of the heart, 
8 thythmical motion must be suspended. This may be done either 
by the passage of a rapid succession of induction shocks in opposite 
dictions through the inhibitory tract, by applying to the surface a 
trace of a solution of muscarin, or by Stannius’ ligature. A localized 
ujiry of the surface may be produced either by the scratch of a needle, 
by touching it with hot wire (preferably a platinum wire heated elec- 
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trically), by creosote, or by a fine wire covered with a thin layer of 
fused nitrate of silver. . 

6. Comparison of Sound with Uninjured Spots on the Surface of the 
Resting Heart.—When the resting heart is connected by its base and 
apex with a galvanoscopic circuit, and one of the two isoelectrical 
spots on the surface of the organ by which it is led off is injured in 
any of the ways above mentioned, the injured spot is found to have 
become negative to the sound surface. The electrical difference between 
them may amount to 0°03 volt, but, as Engelmann found, that 
difference usually diminishes very rapidly. _ 

This effect is for the most part not dependent on the distance of the 
sound spot from the injured spot. Thus, if an injured spot near the 
apex is compared (a) with a sound spot 2 millims. from it, and 
(b) with another near the base, 7.e., about 5 millims. distant, it is 
often found that the differences between the two results are very in- 


considerable. This experiment shows that the electromotive forces | 


developed by injury have their seat in the immediate neighbourhood 
of the injured surfaces. 

7. Influence of Radiant Heat.—When two isoelectrical points, (¢9, 
at apex and base) on the surface of the heart are led off, and one of 
them is warmed by the approach of a platinum coil (about 2 millims, 
in diameter) heated by a voltaic current and brought into its neigh. 
bourhood (3 millims. distant) for a perind of one second, the warmed 
spot becomes positive to the other. The amount of difference has not 
been observed to exceed one-thousandth of a Daniell. No movement 
of the needle occurs until about a second after the approach of the 
coil. This effect is transitory, its duration being less than five seconds. 
If the distance at which the coil is placed is diminished, the warmed 
surface becomes for a moment positive, then permanently negative 
A similar effect is observed when the warming is prolonged without 
diminishing the distance. | 


Section I1I.—Characters Modifications of the Electrical Variation. 


As was first observed by Kolliker and H. Miiller in 1854, an elec 
trical disturbance or variation precedes and accompanies each ol 
traction of the ventricle of the heart of the frog. In the uninjured 


heart the extent of this variation is extremely small, but is at one 


increased by injury. | 

8. The Normal Variation.—In the uninjured pulsating heart the 
variation consists of two phases, viz., of an initial disturbance 
short duration, in which the apex becomes positive, and of 4 much 
longer second phase, in which the apex tends to negativity. This 
statement, which relates to the heart cut off through the sinus, is #80 
applicable to the organ while it still forms part of the body. In the 


entire heart the initial phase begins a quarter of a second before the 
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ommencement of the hardening of the ventricle, i.e,, before the 


beginning of the pre-contraction. (Sec. I.) The second phase ends 
about 09 after the beginning of the first, of which the duration is 
ss than a tenth of a second. Consequently the first phase of the 
variation is completed 0°15 before the commencement of the con- 
traction of the ventricle, its completion being immediately followed 


by the beginning of the pre-contraction. The second phase lasts — 


through the period of active contraction. , 
9, Time Interval between the Excitation and the Variation.—In the 
Stannius’ heart when the posterior surface of the auricle near the 


| septum is excited, the resulting contraction (as stated in 4) follows 


the excitation at an interval of about two-thirds of a second. In this 
ese the first phase of the variation precedes the contraction by a very 
enstant interval of a quarter of a second. When the heart is excited 
from the ventricle half way between the base and apex, left side, the 
delay is diminished to about a third of a second, but there is no 
diminution of the interval between the initial phase of the variation 
and the contraction. 

10. Effect of Injury on the Variation.—If in a normal entire heart, 
led off at base and at apex, the surface of the ventricle near the base 
isinjured, the character of the variation is changed, the second phase 
(“apex-negative’’) being intensified. If the apex is then similarly 
injured, the second phase is abolished, the variation being indicated by 
asingle large excursion in the direction of the first phase (“apex- 
poitive”), = - 

In the ventrical preparation, the variation, provided that the surface 
of the organ be uninjured, exhibits two phases, of which the first 
is identical with the first phase in the entire heart, the second is 
represented, when investigated with the aid of the capillary electro- 
meter, by a larger excursion in the direction ‘apex-negative,” 
of which the amplitude is not so great as that of the single 
fxcursion observed after injury of the apex. After a time the ex- 
cursion diminishes in extent and duration, so that, finally, the 
characters of the normal variation reappear. Ina similar manner, if 
how the surface of the ventricle is injured, similar phenomena to those 
already described, with reference to the entire heart, present them- 
s:lves, according to the seat of the injury. If it is at the apex, 
whether it be mechanical or chemical, the whole variation is repre- 
sented by a single large excursion (apex-positive) ; if it is at the base 
tere is a pree-excursion, in which the apex becomes momentarily 
positive, followed by a more prolonged excursion in the opposite direc- 
tion, corresponding in direction to the second phase. , 

It has been already shown, in 6, that the electrical difference be- 
tween a sound and an injured surface is not materially affected by 
distance, In like manner, the excursions which present themselves 
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when two spots, 2 millims. apart, of which one has been injured, ary 
led off, nearly equal in amplitude those which are observed when the 
contacts are respectively at apex and base. 

11. Decline of Effect after Injury.—The electrical difference between 
an injured and a sound surface begins to decline from the moment of 
the infliction of the injury which produces it. This decline ig not 
accompanied by a corresponding diminution of the variation, the 
eventual decline of which is often preceded by a temporary increase, 

12. Modifications observed under the Influence of Radiant Heat.—By 
warming the surface of the ventricle in the manner described in 7, 
the following changes are produced in the character of the variation, 
In the uninjured rhythmically contracting heart, in which the variation 
has the normal character, the approach of the wire for five seconds to 


a distance of 3 millims. from the surface of the auriculo-ventricular | 


groove intensifies the second phase and increases its duration. This 
effect lasts for two minutes at most. It subsides at first rapidly—so 


that each succeeding variation differs sensibly from the preceding one 


—afterwards more gradually. 

If the apex be similarly warmed, the second phase is either oblite. 
rated or reversed, according to the time of exposure and to the 
distance of the coil. At first the variation assumes the characters 
witnessed after injury of the apex, as described in 10; but here, as 
when the base of the ventricle is warmed, the effects subside rapidly 
during the first five seconds, more gradually afterwards. In both cases 
the variation has, in about two minutes, resumed its normal characters. 

In the above experiments it is seen that, although the warming 
influences the potential of the surface acted on in a direction whichis 
opposite to that produced by a permanent injury, its effect on the 
variation is precisely the same, with this important difference, that it 
is transitory. These effects can be observed whether the entire heart 
or the ventricle alone is used. | 

13. Modifications dependent on the Seat of Excitation.—If in the 
entire heart, of which the motions have been arrested, either by 
faradization of the inhibitory tract or by the Stannius’ ligature, a 
single contraction is induced either by a mechanical or electrical 
excitation of any part of the auricles or of the auriculo-ventricalat 
groove, the excursions present the same characters as in the rhythm 
cally contracting heart. If the excitation, whether electrical o 
mechanical, be at the apex, the first phase of the variation is reversed 
i.e., the apex becomes initially negative. In other respects the & 
cursion is unaltered. Consequently, if at the moment of excitation the 
apex is warmed in the manner previously described in 12, the large 
single excursion (apex-positive) is seen to be preceded by a momentary 
pre-excursion in the opposite direction. | 
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TIL “Contributions to the Anatomy of the Central Nervous 
System in Vertebrate Animals, Part I. Ichthyopsida. 
Section 1. Pisces. Subsection 1. Teleostei.” By ALFRED 
SanperS, M.R.C.S. Communicated by Professor 
Sec. R.S. Received May 7, 1878. 


(Abstract.) 


The brain of Mugil cephalus consists of three pairs and one unpaired 
tuberosity above, and two below. | | 

The most anterior pair are the olfactory lobes. From the anterior 
to posterior end they present four layers; first, olfactory nerve 
fibres with cell-like swellings upon them; second, coarsely granular 
neuroglia, with incipient glomeruli olfactorii, and large tripolar nerve 
cells; third, small usually unipolar cells each in its own space in the 
neuroglia ; the whole collected into a rounded mass ; fourth, nerve fibres 
proceeding from this mass to the second pair of tuberosities, the cere- 
bral lobes, which consist of finely granular neuroglia, in which small 
ells are situated towards the circumference, and larger cells towards 
the centre, each of the latter contained in a lymph space. 

The third pair of tuberosities, the optic lobes, corresponding with | 
the corpora quadrigemina, are formed of a thin layer of nervous sub- | 
stance, enclosing a ventricle; this layer, the tectum, consists of seven 
strata: first, granular neuroglia; second, oblique fibres with fusiform 
ells; third, radiating fibres; fourth, oblique fibres; fifth, transverse 
fibres; sixth, cells of a small size; seventh, connective tissue with an 
epithelial lining to the ventricle of this lobe. Within this ventricle, 
on the floor, are two tuberosities, tori semicirculares, faced with con- 
nective tissue, and containing small unipolar eells arranged along the 
margin. Behind, the ventricle in question is closed by a process from 
the unpaired tuberosity (cerebellum), which occupies the position of 


the valve of Vieussens; this is the valvula cerebelli; it forms a fold in 
the ventricle, and joins a longitudinal ridge situated along the con- 


tiguous inner margins of the tecta; on the side of the valvula are 
processes more or less developed in different fishes. | 

The unpaired tuberosity is the cerebellum; it has a structure com- 
parable to that of the cerebellum of the newly-born human infant. 

The tuberosities below are the hypoaria, which receive fibres from 
the ventral surface of the medulla oblongata behind, and from the 
“rebral lobes in front. Between the two hypoaria is the pituitary 

ly, and also a saccus vasculosus. | 

The medulla oblongata behind the cerebellum has two tuberosities, 
| “onstructed in the same way as the tori semicirculares; they are the 
vagal tuberosities. 
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Ventricles :— 
The fourth ventricle consists of two parts, one part beneath the cere. 
bellum, the other part, a deep fissure between the vagal tuberosities ; 


they communicate with each other by means of a narrow quadrangular 
passage. | | 


The ventricle of optic lobe is simply the remains of the ventricle of - 


the corpora quadrigemina in foetus, and now part of the aqueduct of 
Sylvius. | 

The third ventricle, between the cerebral lobes and the optic lobe, 
communicates behind with the last, and below with pituitary body by 
means of the infundibulum; above, it is closed in by the stalk of the 
pineal gland. 

Origins of nerves :— 

The olfactory nerve arises from the olfactory lobe. | 

The optic nerve arises by three roots, first from the tectum lohi 
opici, second from the torus semicircularis, third from the hypoarium. 

~The motor oculi arises from a ganglion beneath the floor of the 

aqueeductus sylvii; it partially decussates. ) 


The trochlearis arises from anterior part of the base of the cere. - 


bellum. 

The trifacial arises by three roots from beneath the anterior end of 
the crura cerebelli; its deep origin is from three distinct points; first, 
from cells beneath the floor of anterior part of the fourth ventricle; 
second, from the external lateral part of the spinal cord; third, from 
the central part of the vagal tuberosity. 

The abducens arises from two small ganglia in the ventral horn of 
grey matter beneath the narrow part of the fourth ventricle. 

The acusticus arises from the lateral part-of the medulla oblongata 
in the region of the ganglion of the vagus. 

The glossopharyngeal has a. separate origin in mugil, in other 
fishes it is a branch of the acusticus, in others again it is a branch of 
the vagus; here it arises from the grey matter covering the narrow 
part of the fourth ventricle. pee | 

The vagus arises by two roots, one from a ganglion beneath the floor 
of posterior end of the fourth ventricle; the other from the cer 
bellum, and from the grey matter covering the narrow part of the 
fourth ventricle. | : 

The first spinal nerve, although passing through a foramen in the 
exoccipal, takes the place of the hypoglossal, rises by dorsal and 
ventral roots, forms with the second spinal nerve the brachial plexus, 
and supplies the region of the tongue. | 

The spinal nerves have a ganglion on the dorsal root. 

The commissura ansulata, placed at the exit of the trochleares nerv&, 


1s partly a longitudinal and partly a transverse commissure; it first 


appears on the external and lateral part of the medulla, opposite the 
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posterior part of the fourth ventricle, passes forward, and at the point 
shove-named ascends on the external edge of the medulla, and forms the 


' emmissure of the tecta lobi optici, at the base of their longitudinal 


ridges above described ; this commissure also forms a decussation of | 
fhres beneath the ganglion of the trochlearis. 

The anterior commissure of the brain is situated between the 
cerebral lobes. | 

The posterior commissure is situated on the anterior part of the 
foor of the ventricle of the optic lobe behind the third ventricle. 

A deeper commissure connects the region on each side of the third 
ventricle passing through the hypoaria in front of the infundibulum. 

Two transverse commissures exist in the spinal cord, one ventral, 
one dorsal. 7 

The ventral longitudinal columns of the cord contain two fibres of 
gigantic size, one on each side; these decussate opposite the origin 
of the trifacial on the floor of anterior part of the fourth ventricle ; 
the longitudinal columns pass.to the internal part of the floor of ven- 
tricle of the optic lobe, about the posterior end of the fourth ventricle. 

The lateral columns of the cord pass forward, and are lost outside 
the last. 


IV. “On the Equations of Circles.” (Second Memoir.) By JOHN 
Caszy, LL.D., F.R.S., M.R.I.A., Professor of Mathematics 
in the Catholic University of Ireland. Received May 10, 
1878. | 


( Abstract.) 


In the year 1866 was published in the “ Proceedings of the Royal 
Irish Academy” a paper “On the Equations of Circles,” which con- 
tained extension of many known theorems. Thus it was proved in it 
that the same forms of equation which are true for a circle inscribed 
ina plane or spherical triangle hold also when the right lines in the 
one case, or the great circles in the other, are replaced by any three 
circles in the plane or sphere, and it was shown that the transformed 
equations represented the pairs of circles which touch the three 
given circles. The results for circles on the sphere were still further 
extended, namely, to conics having double contact with a given conic. 
The paper contained, in addition to these fundamental investigations, 
many collateral ones on allied subjects. | 
_The memoir, of which I now give an abstract, extends the results of 
the foregoing paper to a polygon of any number of sides inscribed or 
“reumscribed to a given circle. It is proved for the case of circum- 
scribed figures, that the sides of the polygon may be replaced both on 

plane and sphere, by circles touching the given circle; and 


| 
| 
| 
e 
2 


lengths are a, b, c, d, &c., be inscribed in a ar the equation of the 


and if it be on the sphere in the equation, 


the properties of this curve. More especially in the particular case 
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again, these results may be still further extended to conics having 
double contact with a given conic. A very large amount of goorneley 
is embraced in the paper, and many subjects of much interest are dig. 
cussed, showing the great fertility of the methods of investigation 
employed. 

The following is an outline of the extensions of known theoti 
which the paper contains. 

If a polygon of n sides, whose equations : are a, 8, vy, 6, &., and whose 


&e., =0, OF say in 


circle is a factor in the equation ~+ 


1 
2%) 


a 


The equation = (2)=0, when the polygon consists of 1 sides, will 
a 


denote besides the circle a residual curve of the degree (n—3). A 
considerable portion of the paper is occupied with the discussion of 


n=6, where the residual curve is a cubic. The following theorem may 
be given as an instance. ‘‘ When the polygon is a hexagon the lie 
“4P41,°4¢ 49 0 which is called its axis, is the satellite with 


respect to the cubic of each side of the hexagon, and also of its Pas- 
cal’s line.’; 


The properties of the lnstslbed polygon derived from the equations 


2(2)=0 
0, 


may be reciprocated, and we get tangential equations of the form 


2( i*)= 0, 


giving properties of circumscribed polygons. In this last equatio 

A, B, C, &e., denote the angles of the polygon, and A, v, &ec., perpen: 

diculars from its angular points on any tangent to the circle. The 

same tangential equation holds both for the plane and sphere. ' 
If a polygon whose sides are a, B, y, 6, &e: ... w, be circumscribed 

to a circle, the equation of the circle is a factor in the polyzomal curv? I 
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cos 3(aB) 4.008 3(B7) &e., 
aB Vv BY 
+(wa) 


wa 


[have examined this equation at length in the special case n=4. 
The tetrazomal curve, which is of the eighth degree, breaks up into 
two factors. One factor represents the circle and the square of the 
line gaining the points (y), (8¢), the other denotes an unicursal 
quartic whose three double points are (ay) (8¢), and the pole with 
respect to the circle of the line joining these points. 

These results hold for the plane and sphere, and a, B, y, ¢, &c., may 
denote circles as well as lines. They are also true for conics having 

double contact with a given conic. 


Besides the foregoing, which are manifestly extensions of known 
theorems, the paper contains some original theorems which are also | 


extended to conics having double contact with a given conic. Thus, 
“ifa circle = be touched by any number of circles 8; S, Ss, &e., and 
ifwe denote by P(7) the product of the common tangents drawn from 


any circle S; of the system to all the remaining circles, then the 


equations of = will be a factor in the polyzomal curve, 
P(2) P(3) 
This theorem is, I believe, one of the most fertile in geometry. The 


paper contains a large number of deductions from it, but I am certain 
itis far from exhausting them. 


V.“On the Bodily Tides of Viscous and Semi-Elastic Sphe- 
roids, and on the Ocean Tides on a yielding nucleus.” By 
GEoRGE H. Darwiy, M.A., Fellow of Trinity College, Cam- 
bridge. Communicated by J. W. L. GLAISHER, M.A., F.R.S. 
Received May 14, 1878. 


(Abstract.) 


Sir W. Thomson’s investigation of the bodily tides of an elastic 
phere* has gone far to overthrow the idea of a semi-fluid interior to 
ihe earth, yet: geologists are so strongly impressed by the fact that 
‘lormous masses of rock have been poured out of volcanic vents in 


* Phil. Trans., 1863, p. 573, and Thomson and Tait’s Natural Philosophy, edit. of 
§§ 733-737 and 834-846. 
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the nil’ surface, that the belief is not yet extinct that we live op & 
thin shell over a sea of molten lava. It appeared to me, therefore, to 
be of interest to investigate the consequences which would arise from 
the supposition that the matter constituting the earth is of a vigcong 
or imperfectly elastic nature. In this paper I follow out these hypo. 
theses, and it will be seen that the results are fully as hostile to the 
idea of any great mobility of the interior of the earth as are those of 
Sir W. Thomson. 

I begin by showing that, the equations of flow of an incompressible 
viscous fluid have precisely the same form as those of strain of an 
incompressible elastic solid, at least when inertia is neglected. Hence, 
every problem about the strains of the latter has its analogue touching 
the flow of the former. This being so, the solution of Sir W. Thom. 
son’s problem of the bodily tides of an elastic sphere may be adapted 
to give the bodily tides of a viscous spheroid. Sir W. Thomson, how. 
ever, introduces the effects of the mutual gravitation of the parts of 
the sphere, by a synthetical method, after he has found the state of 
internal strain of an elastic sphere devoid of gravitational power 
The parallel synthetical method becomes, in the case of the viscous 


spheroid, somewhat complex, and I have preferred to adapt the solution 


analytically so as to include gravitation. 


The solution is only applicable when the disturbing potential is 
capable of expansion as a series of solid harmonics, and it appears 
that each harmonic term in the potential acts independently of all 
others; it is thus only necessary to consider a typical term in the 
potential. 
It is shown finally that if p, , v, be the velocities of the dui (a 

a point whose polar co-ordinates in the sphere are 7, 0, ,) radially, 
and along and perpendicular to the meridian; p» the coefficient of 
viscosity; wr'S; the disturbing potential, a solid harmonic of degree i; 
a the mean radius, w the density of the homogeneous spheroid, and 


g gravity; r=a-+o; the equation to the bounding surface of tae | 


spheroid ; then 


Ju do’ 
y= the same x 
sin@ dod 


where Tj=u{ Si— *—} a surface harmonic of order i. A dit 


ferential equation is then found, which gives the form of the fre 
surface at any time under the action of any disturbing potential 
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which satisfies the condition of expansibility as a series of solid 
harmonics. | 

When the disturbing potential w7‘S; is zero, and when r=a+3; is 
the equation to the free surface initially, then the equation to the 
mrface at the time ¢ is given by r=a+oa;, where — 


8} exp. ( 


This gives the law of the subsidence of inequalities on the surface 
of a viscous globe under the influence of simple gravitation; and it is 
that some light may possibly be thrown thereby on the laws 
of geological subsidence and upheaval. It appears from this formula 
that inequalities of wide extent will subside much more quickly than 
The rate is found at which a rotating spheroid would adjust itself 
toa new form of equilibrium, when its axis of figure is not coincident 
with that of rotation ; and the law is established which was assumed 
ina former paper.t 
The case is next considered where §; is a surface harmonic of the 
second order, multiplied by a simple time harmonic—that is to say, _ 
S§=Scos(vt+7). This is the assumption appropriate for the tidal | 
problem. The forces in this case do not form a rigorously equilibrat- 
ing system; but there is a couple of the second order of small 
quantities called into existence, the consideration of which is deferred 
toa future paper. | 
-Itis then shown that if cos (vt+7) be a term in the tide-generat- 


ing potential, and if tan e= ead the tide of the viscous spheroid is 
gwa 


equal in height to the equilibrium tide of a perfectly fluid spheroid 


multiplied by cos e, and the tide is retarded by ev. It is next proved 


that the equilibrium tide of a shallow ocean overlying the nucleus is 
equal to the like tide on a rigid nucleus multiplied by sin e, and that 
T € 
Qo 

This theory is then applied to the lunar semi-diurnal and fortnightly 
tides, and tables are given from which the following is extracted— 


there is an acceleration of the time of high water equal to 


_ the coefficient of viscosity being expressed in gramme-weights, centi- 


meters, and seconds. 


* I write “exp.” for “e to the power of.” 

* “On the Influence of Geological Changes on the Earth’s Axis of Rotation.” 
Phil. Trans., vol. clxvii, Pt. I, p. 282. I take this opportunity of correcting a slight mis- 
take in that paper ; the formula in the fourth line from the bottom of p. 301, should 


E 1 


— =~ 4= — ~¢otge + &c. The mistake arose in copying out the 


formula, and does not affect the subsequent arithmetical results. 
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Lunar Semi-dinrnal Tide. 
Height of Heicht of ) 
Coefficient of | Retardation | bodily tide is nar . ‘3 i Acceleration of 
viscosity of bodily tide of fluid | “°° My : i wg high water 
x 10-2, tide. spheroid mul- a ; sad be of ocean tide, 
tiplied by multiplied by 
Fluidity 0 0 1°000 000 3 hrs. 6 min. 
96 41 min. "940 "342 2 hrs. 25 min, 
721 | 2hr. 25min. "342 “940 41 min, 
Rigidity o |3hr. 6min. “000 1:000 0 
Fortnightly Tide. 
1,200 9 hrs. "985 174 3 days 1 hr. 
12,000 | 2days 6 hrs. ‘500 "866 L day 3 hrs. | 
Rigidity o | 3 days 10 hrs. "000 1:000 


A comparison of the numbers in the first column with the viscosity 
of pitch at near the freezing temperature (when I found by rongh 
experiments that its viscosity was about 1°3 x 10°), shows how enor. 
mously stiff the earth must be to resist the tidally distorting influence 
of the moon. It may be remarked that pitch at this temperature is 
hard, apparently solid and brittle; and if the earth was not very far 
stiffer than pitch, it would comport itself sensibly like a perfect fluid, 
and there would be no ocean tides at all. It follows, therefore, that 
no very considerable portion of the interior of the earth can even 
distantly approach the fluid condition. 

This does not, however, seem conclusive against the existence of 
bodily tides in the earth of the kind here considered; for, under the 
enormous pressures which must exist in the interior of the earth, even 
the solidest substances might be induced to flow to some extent like @ 
fluid of great viscosity. 

The theory of the bodily tides of an “ dibiensieiins ” spheroid 1s 
next developed. The kind of imperfection of elasticity considered 18 
where the forces requisite to maintain the body in any strained con- 
figuration diminish in geometrical progression, as the time increases 
arithmetical progression. There are two constants which define the 
mechanical nature of this sort of solid: first, the coefficient of rigidity 
n, at the instant immediately after the body has been strained; and 
second, ‘‘the modulus of the time of relaxation of ri igidity ” t, which 
is the time in which the force requisite to maintain the body in its 
strained position has diminished to e-' or ‘368 of its initial value. - I 
am not aware that there is any experimental justification for the 
assumption of such a law; but after considering the various physical 
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objections which may be raised to it, I came to the conclusion that the 
investigation was still of some value. 

The equations of flow of such an ideal solid have been given (with sc some 
ysistance from Professor Maxwell) by Mr. Butcher* and they are such 
that, if the body be incompressible, and if inertia be neglected, they 
may be written in exactly the same form as the equations of flow of a 

-1 
parely viscous fluid, the; coefficient n(3+ 5 merely replacing the 
wefficient of viscosity. Hence it follows that the solution previously 
found may be at once adapted to the new hypothesis. 

In the application to the tidal problem, if the tide-generating poten- 
tial be as before, cos (vt +7), and if tan y=vt, tan 1+ 19n 


and tan e=tan ~—tan y, it appears that the bodily tide raised by this 
potential is equal to the corresponding tide of a perfectly fluid sphe- 


rid multiplied by —— ; , and the tide is retarded by a time = 8 Also 


the equilibrium tide of a shallow ocean overlying the elastico-viscous 
meleus is equal to the corresponding tide on a rigid nucleus mul-. 
tiplied by cos x tan e, and there is an acceleration of the time of high 


water equal to ~-—X. 
“4 Qv 


Ift be taken as zero, whilst n is infinite, but nt (the coefficient of 
niscosity ) finite, the solution becomes that already found for a purely 
viscous spheroid. If, on the other hand, t be infinite, the solution is 
that of Sir W. Thomson’s problem of the purely elastic sphere. This 
hypothesis is therefore intermediate between those of pure viscosity and 
pure elasticity. 

Sir William Thomson worked out numerically the bodily tides of 
elastic spheres with the rigidities of glass and of iron; and tables of 
results are here given for those rigidities, with various times of re- 
lation of rigidity, for the semi-diurnal and fortnightly tides. 

It appears that if the time of relaxation of rigidity is about one 
quarter of the tidal period, then the reduction of ocean tide does not 
difer much from what it would be if the spheroid were perfectly 
elastic. The acceleration of high tide, however, still remains consider- 
able; and a like observation may be made in the case of pure viscosity 
approaching rigidity. This leads me to think that one of the most 
promising ways of detecting such tides in the earth, would be by the 

tion of the periods of maximum and minimum im a tide of 
long period in a high latitude. But Iam unfortunately unacquainted 
with practical tidal observation, and therefore cannot tell how far it 
would be possible to carry out this suggestion. 


* Proc. Lond. Math. Soc., Dec. 14, 1876, pp. 107-9. 
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It is then shown that the effects of inertia, which had been neglected 
in finding the laws of the tidal movements, cannot be such as to mate. 
rially affect the accuracy of the results. 

In the first part of this paper I followed Sir W. Thomson in using 
the equilibrium theory for the determination of the amount of reduc. 
tion of ocean tides. But that theory is acknowledged on all hands to 
be very faulty in its explanation of tides of short period; hence a 


‘dynamical investigation of the effects of a bodily yielding of the earth 


on a tide of short period in a shallow equatorial canal appeared likely 
to be interesting. This investigation is carried out in the second part 
of the paper. The problem is simplified by supposing the circular 
canal developed into a straight canal, whose bottom is constrained to 
execute a simple harmonic wave motion. ; 


The result shows that the height of the ocean tide relatively to the 


nucleus bears the same relation to the height of tide on a rigid nucleus 


as in the equilibrium theory, and that the alteration of phase is the 
same. This seems to increase the force of Sir W. Thomson’s argn- 


- ment as to the rigidity of the earth. 


The chief practical result of this paper may be summed up by say- 
ing, that it is strongly confirmatory of the view that the earth has a 


very great effective rigidity; but its chief value is, that it formsa © 
necessary first chapter to the investigation of the precession of viscous . 


and imperfectly elastic spheroids—an investigation which I hope to 
complete very shortly. 


VI. “On the Formation of Chlor-iodide and Brom-iodide of 
Ethylidene.” By Dr. MaxwELuL Simpson, F.R.S., Professor 


of Chemistry, Queen’s College, Cork. Received May 1, 


1878. | 
(Preliminary Notice.) 
CH; 
Chlor-iodide of ethylidene | . This body I have succeeded m 
CHCII 


preparing by two processes. 

First Process.—A quantity of iodide of ethylidene, which had been 
prepared by Gustavson’s method, and heated to 160° C. but not distilled, 
was vigorously agituted for some time with a weak solution of chloride 
of iodine without the application of heat. ‘The excess of chloride was 
then poured off, and the product well washed with dilute potash aad 
distilled. Almost the entire quantity passed over between 110 and 
150° C. This yielded, on fractioning, a large quantity of fluid boiling 
between 116 and 120° C., most between 117 and 119.° This was the 
body in question. The chloride of iodine used in this process ™# 


7 
4 
> 
t 


| 


Chlor-iodide and Brom~iodide of Ethylidene. 425 


by passing washed chlorine into 4 oz. of water, holding 400 
of iodine in suspension, till almost all the iodine was dissolved. 
The vessel containing the iodine must be surrounded with cold water, 
md repeatedly shaken during the passage of the gas. 

This method is quite analogous to that by which I obtained its 
omer, the chlorio-dide of ethylene.* 

Second Process.—One molecule of iodide of sSeastadans (Al,I,) was 
. fisgolved in three times its weight of dry carbon disulphide, and 
yided drop by drop without exposure to air to six molecules of chlo- 
! nde of ethylidene (C,H,Cl,) diluted with an equal volume of the disul- 
) 


phide. The chloride of ethylidene must be surrounded with ice, and 
kept in a state of continual agitation during the addition of the 
ilaminiuam iodide solution. By mixing the reacting bodies in this 
may, the chloride is always in excess, and only one atom of chlorine in 
ach molecule is supplanted by one of iodine. After the addition of 
the aluminium iodide, the product was filtered through asbestos, 
washed with water, and heated in a water-bath to drive off the carbon 
tislphide.t The residue, which had been previously washed with 
dilute potash, on being heated above 100°, commenced to distil at 
110°,and between that temperature and 155° C. about two-thirds of 
it passed over. (The liquid distillimg above 155° was iodide of 
thylidene). This yielded, on fractioning, a large quantity of an oil 
boiling at the same temperature, and having the same properties as 
tht prepared by the first process. On submitting this body to 
“gm I obtained the following numbers : 


| Theory C,H,CII. Experiment. 


) Chlor-iodide of ethylidene has a sweet taste, and is almost colour- 
less when freshly prepared. Its specific gravity at 19° C. is = 2°054. 
It distils without decomposition between 117 and 119° C. It will be 
observed that its boiling point is 20 degrees lower than that of its 
omer, the chlor-iodide of ethylene (137° C.), and is intermediate 
bien those of the iodide (177° C.) and chloride of ethylidene 
0 C . 

Of these processes, the second is easier of cusauiileii and yields a 
larger product. 


CH; 
Brom-iodide of ethylidene hoe .. This body I obtained also from 
Brl 


the iodide of ethylidene, and by a process almost identical with the 


* Proc. Roy. Soc., xi, 590. 
t Iti ls advisable to use Wiirtz’s tube with two bulbs in distilling the carbon di- 
83 a large quantity of the chlor-iodide passes over with the — 
when the distillation is conducted in the usual way. . 
VOL. XXVII. 2 F 


} 


426 Prof. H. E. Roscoe on the Specific Gravity of [May 93 


first used for the preparation of chlor-iodide of ethylidene. The iodide aE 
was agitated in thé cold for some time with a weak solution of Mm 2! 
bromide of iodine,* the excess of bromide was separated, and the pro- uot 
duct was washed with dilute potash. On subjecting this to distill a ™ 
tion almost the entire quantity passed over between 130 and 165°C. | 
On fractioning I obtained a large quantity of fluid distilling betwen ™ ™ 
140 and 148°, most between 142 and 144°. The following equation im ® 
explains the formation of this compound : : ba 
CH, CH, 
|. | +I. 

On analysing this body I obtained the following results: _ ase 
Theory C,H,Brl. Experiment. 


_ Brom-iodide of ethylidene is nearly colourless when freshly prepared. HM iy 
It has a sweet taste, and distils without decomposition between 142 
and 144° C. This is about 20 degrees lower than the boiling point of 7 iy 
its isomer, the brom-iodide of ethylene (163°C.). It refuses to become # js 
solid even when surrounded with a mixture of ice and salt, differing HM 4r 
in this respect also from its isomer. Heated with alcoholic potash # a 
it yielded a volatile vapour containing bromine, probably bromide of @ «| 
vinyl, and iodide of potassium. wy 

This body is probably identical with those obtained by Pfaundlert to 
and by Reboult by exposing bromide of vinyl to the action of hydr- 
odic acid. The boiling points of their compounds agree pretty well 
with each other and also -with mine. | 

Iam at present engaged in studyiug the behaviour of these com- 
pounds towards several reagents. 

I have to thank my young pupil, Mr. Harrington, for his vals : 
assistance during the progress of this research. 


VII. “ Note on the Specific Gravity of the Vapours of the Chle @ 4 


rides of Thallium and Lead.” By Henry E. Roscoe, F.RS, 
Professor of Chemistry in Owens College Manchester. 
Received May 8, 1878. 


Experimental difficulties of so serious a nature surround the attempt 


* For the preparation of the bromide of iodine, see Proc. Roy. Soc. No. 148, 
1874. It was made a little weaker for this process. | 

+ “ Jahresbericht,” 1865, p. 483. | 

Ibid., 1870, p. 439. 
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ip agcertain the specific gravity of vapours at a high temperature that, 
in gpite of the interest which attaches to this subject, but few addi- 
ions have been made in our knowledge in this direction since the 
researches of Deville and Troost. 

The present experiments, of which this notice contains the first 
results, haye been made with the object of so simplifying the process 
to render it easy to determine the specific gravity of the vapours of — 


bodies possessing high boiling-points with a degree of accuracy suffi- 


ent for the purpose of controlling their molecular weights. 

The method consists in vaporizing the substance under examina- 
ton in long-necked glazed porcelain globes of known capacity placed 
ina muffle raised to bright redness. The temperature of the globe is 
weertained by a calorimetric determination made with heavy platinum © 
weights placed in the muffle, this determination being checked by the 
imultaneous insertion in the muffle of a second globe containing 


ais peecelain globes having a capacity of about 300 cub. cen- 
tims, and containing from 3 to 9 grams of substance, are closed by 
loosely fitting stoppers of baked clay, and then gradually introduced 
inthe muffle. After remaining there until no further escape of vapour | 
isobserved, and until the temperature has become constant, the globes 
are quickly withdrawn from the muffle and their contents removed 
and analysed, the temperature being in each case ascertained by the 
calorimetric method at the time of withdrawal of the globe. The fol- 
owmg determinations of the specific gravity of mercury vapour serve 
to show the reliability of the method: 


Temperature 
determined Specific gravity of 
calorimetrically. mercury vapour. 
6°75 
7-05 


the calculated specific gravity (Hg=198°8) being 6°728. | 

Before determining the specific gravity of the vapour of thallium 
thloride it was ascertained that this compound does not give off free 
chlorine when volatilized at a red-heat, and that the sublimate contains 
thalliom and chlorine in the atomic ratio of equality. 

In each experiment the total amount of thallium and of chlorine 
remaining inj the globe was determined by analysis, and the specific 
gravity calculated from their sum. 
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Temperature Specific gravity of. 
_ determined the vapour of 
calorimetrically. thallium chloride, 


The specific gravity of thallium chloride vapour calculated upon the 
supposition that the molecular weight of the compound is 238°07, and 
its formula TIC]I, is 8°49. | 

Four determinations of the specific gravity of mercury vapour made 
simultaneously with four of the above experiments gave as a mean the 
number 6°0 instead of 6°728. 

The specific gravity of the vapour of lead chloride was made ina 
similar way, but the temperature required for complete volatilization 
is much higher than that needed in the case of the last compound. 
The residue left in the globes was completely soluble in hot water, and 
contained lead and chlorine in the proportion of one atom of the 
former to 2°08 of the latter. | 


‘Temperature Specific gravity of 
determined the vapour of 
calorimetrically, lead chloride. 


The specific gravity calculated from the formula PbCl,=277'14 8 
9°62. 7 

I hope before long to be able to lay before the Society the results of 
specific gravity determinations of the vapours of other compound and 
elementary bodies, together with the whole of the experimental details 


VIII. “ Extract from Report to Professor Sir Wyville Thomson, 
_ F.RS., Director of the Civilian Scientific Staff, on the 
Brachiopoda dredged by H.M.S. ‘Challenger.’” By THOMAS 
Davipson, F.R.S. Received May 8, 1878. | 


At the request of Professor Sir Wyville Thomson, I have under 
taken the examination, description, and illustration of the Brachiopods 
dredged by the ‘Challenger’ Expedition. 

- Very little seems to have been known with respect to recent Brach 
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before the middle of last century; and even during the period 


“qtending from 1750 to 1800, the information relating to the recent 


ies was, with some exceptions, meagre and often unsatisfactory. 

A Brachiopod, until within the last fifty years, was considered a 
great rarity in all collections, and no one could boast of possessing 
more than a very limited number of species and specimens. Much 
mecertainty was also felt as to their nature, and the position they 
should occupy among the Invertebrata. They were generally sup- 
posed to be’ referable to the genus Anomia, aud were very quaintly 
described by some of the earlier naturalists. Several more serious 
«nd better informed observers appeared soon after 1753, such as 
Limé, Pennant, Miller, Lamanon, Pallas, Grundler, and a few others, 
who were able, in a measure, to prepare the way for the important 
discoveries reserved for the more favoured naturalists of the present — 
century. 

The animal of the Brachiopod had attracted the attention of Pen- 


nant in 1766, Grundler in 1774, Miller in 1776, Poli in 1791, 


lamanon and Cuvier in 1797; bat no regular anatomical dissections 
had been executed, and their observations seemed, in a great mea- 
sure, to be limited to the labial appendages, mantle, and some other 
minor details, 

This most important inquiry was, however, subsequently admira-— 
bly followed out by such excellent zvologists and anatomists as 
Cavier, Owen, Huxley, Vogt, Macdonald, Hancock, Gratiolet, Lacaze- 
Duthiers, King,’ E. Deslongchamps, and others, to whose works the 
rader is referred, as it would not be possible in the limited space 
devoted to the description of the species dredged in the ‘ Challenger ’ 
Expedition, to write a treatise on the history of the class, nor to refer 
to the fossil genera and species, which vastly outnumber those inhabit- 


Ing the present seas. 


Restricting ourselves, therefore, to the recent species, we may ob- 
serve that the correct knowledge we now possess with respect to their 
geographical and bathymetrical distribution is mainly due to the 
humerous Governmental and private dredging expeditions carried out 
during the last forty years. Before that period, very few reliable data 
were in our possession; and as these dredging expeditions proceed, 
the more will our knowledge become extended. | 

The admirable report of Professor E. Forbes, ‘On the Mollusca 
and Radiata of the Aigean Sea,” published by the British Association 
for the Advancement of Science, for 1843, shadowed forth the im- 
portant results that might be obtained by well conducted and equipped 
Expeditions ; but even now we are wanting in information with respect 
lo the bathymetrical distribution of some twenty-six of the known 
living Species, 

In his excellent memoir, ‘‘ Uber die Wohnsitze der Brachiopoden,”’ 


‘ 
} 
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1859, Professor E. Suess recapitulates all the then known data 

the geographical distribution and depths at which Brachiopoda live, 
since then, our knowledge has been very considerably extended; and 
it has become evident from direct observation that the Brachiopoda are 
widely but sparingly distributed over the depths of the sea, though 
of course they are more numerous both in species and individuals at 
depths of less than 500 fathoms. They are much localised, and prefer 
rocky, stony, and coralline sea bottoms, to soft or muddy ones. 

The entire collection of Brachiopoda brought home by the ‘Chal- 
lenger’ Expedition, numbering several hundred specimens, was placed 
in my hands by Sir Wyville Thomson, on the 11th of August, 1877. 
The specimens were in an excellent state of preservation, and had 


_ been put into bottles of spirits, with’ a correct indication of the sta. 


tions, latitude, longitude, depth, bottom-temperature, and the natore 
of the sea-bed whence they had been obtained. Thus, reliable and 


. invaluable data accompanied each specimen, which I have in every 


instance reproduced in the pages relating to this Expedition. Some. 
times but one specimen had been dredged at a station, while at other 
times two or more species. or specimens were brought to the surface. 
It must, however, be noted that, in addition to the 361 dredging 
stations included in the printed instructions, the naturalists of the 
‘Challenger’ dredged very often in shallow water. 7 
We learn from the “list of observing stations,” recorded during 
the voyage of 68,890 miles, that there were 354 of such stations, at 


_most of which “a fair sample of the bottom fauna was collected by 


means of the dredge or trawl.” But Brachiopoda do not appear to 
have been obtained more than thirty times. Although the number of 
specimens was large, they represent 28 or 29 species only. The 
greatest depth at which any living Brachiopod was obtained was 
2,600 fathoms, the greatest depth dredged being, on one occasion, 
4,575 fathoms. 

The ranges of depth at which the ‘ Challenger ’ species of Brachi 


opoda occurred, were as follows :— 


Shore or low water 
to 10 fathoms. Waldheimia flavescens. Lamark. 
Kraussina Lamarckiana. Davidson. 
Lingula anatina. Lam. 
= Megerlia sanguinea. Chemnitz. 
5to 15 fms. Magasella flexuosa. King. 
30 ,,  Terebratella dorsata. Gmelin. 
38 ,, 49 ,, Terebratulina cancellata. Koch. 
49 »  Discina stella. Gould. 
,, 150 ,, Terebratulina caput-serpentis, var. se). tentrionali:. Couthong 
75 Megerlia truncata. Linné. 
70 ., 75 ,,  <Argiope decollata. Chemn. 
82 » Terebratulina sp. (?) Philippines. 


| 
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92 to 102fms. Terebratella sp. (?) perhaps T. Frieli. Dav. 


100 150 ,, Platydia anomioides. Scacchi. 

100 , 150 ,,  Waldheimia Kerguelensis. Dav. 

120 »  Megerlia Willemoesi. Dav. 

10 ,, 600 ,, Terebratulauva. Brod. 

150 _ yg  Terebratula vitrea, var. minor. Philippi. 

150 »  Kraussina pisum. Lam. | 

150 » Rhynchonella nigricans, var. pixidata. Willemoes Suhm M.S. 
710 »  Terebratula Moseleyi. Dav. 

350 »  Lerebratulina Cailleti. Crosse. 

390 »  Magasella, sp. 

390 » Terebratulina Wyvilli.. Dav. 

420 »  Lerebratula Cubensis. Pourtales. 

600 » Terebratulina Murrayi. Dav. 

1,340  Terebratella Frieli. Dav. 

1,875 »  Terebratula or Terebratulina (?) Dalli. Dav. 
1,850 », - Megerlia (?) incerta. Dav. 

1860 to 2,180 ,, Discina Atlantica. King. 

1035 ,,.2,600 ,, Terebratula Wyvilli. Dap. 

1,900 »  Lerebratula ? (undeterminable fragments). 
2,160 »  Waldheimia Wyvilli. Dav. 


The following table shows approximately how many times Brachi- 


opoda were dredged at certain depths :— 


99 dredgings in depths of from 1 to 500fms. 21 times. 
30 


33 501 1,000 4 
47 ” ” 1,001 ” 1,500 ” 3 
47 ” 1,501 ,, 2,000 ,, 4 
 » 2,501 ,, 3,000 ,, 1 (at 2,600 fms.) 
5 3,001 ,, 3,500 ,, none 
3,501 ,, 4,000 , none 
none _,, 4,001 ,, 4,500 ,, none 
1 4,501 ,, 4,575 none 


‘Thus, it becomes apparent that Brachiopoda do not generally abound 
in depths exceeding 500 or 600 fathoms, or less; but out of 125 
dredgings, in depths of from 1 to 600 fathoms, Brachiopoda were 

ht up twenty-one times only; while in depths varying from 600 
to 2,600 fathoms, Brachiopoda were obtained ten or eleven times. 
The depths for some of the species, however, varied in localities not 
visited by the ‘ Challenger,’ as recorded in the general list. 

In order to obtain some approximate data as to the depths Brachi- 
opoda are at present known to inhabit, it will be desirable to append a 
list of all the known recent species, with an indication of all their 
respective depths. 

A point of interrogation has been placed before uncertain species, or 
hot sufficiently determined species or varieties; and an asterisk before 
those dredged in the ‘ Challenger ’ Expedition. . 
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Depths in fathoms 
hitherto aacertained.t 
5 to 1,456 
904 
40 ,, 1,000* 
55 ,, 
(?) » 
100 ,,  420* 
210 ,, 
500 ,, 600 
1,035 ,, 2,600* 
* 
(?) ? 
390 ;, 
30 40* 
(?) 
46 ,, 50 
2,200 
51 ,, 13084 
50 ,, 180 { 
(82 ,, * 
55 ,, 58 
26 , 63? 
500 ,, 
340 ,, 795 
70 ,, 471* 
Low water ,, 100 
600 
a 25 
Shore ,, 10t 
50 
5 , 680 
1,450 | 
2,160 ,, 
300 150* 
110 , 200 
15 
75 ,, 725 
(?) ? 
50 
, 90* 
From low water to 45 fms. 
21 to 55 
50 
P 
15 ? 
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CLISTENTERATA. King. 


Terebratula'vitrea. Born. 


var. sphenoidea.. Phil, 
» 9 minor. Philippi. 
» Davidsoni. Adams, 
» 99 Cernica. Crosse, 
Cubensis. Pourtales. 
Moseleyi. Dav. 
subquadrata. Jeffreys. 
uva. Broderip. 
Wyvilli. Dav. 
Dalli. Dav. | 
Malvine. D’Ord. 


Terebratulina Wyvilli. Dav. 


99 


cancellata. Koch. 

radiata. Reeve. 
(Agulhasia) Davidsoni. King. 
caput-serpentis. Linné. 


» ‘var. septentrionalis, 
Couthouy. 

9 var. Mediterranea, 
Jeffr. 


undetermined (Philippine Islands), 
Japonica. Sowerby. 

Cumingi. Dav. 

trigona. Jeffr. 

tuberata. 

Cailleti. Crosse. 

‘unguiculata. Carpenter. 
Murrayi. Dav. 


Guyiie capsula. Jeff. 
Waldheimia flavescens. Valenciennes. 


venosa. Solander. 
cranium. Miller. 
tenera. Jeffr. 
Wyvilli. Dav. 
Kerguelensis. Dav. 
Floridana. Pourtales. 
 lenticularis. Deshayes. 
septigera. Loven. 
Raphaelis. Dall. 
Grayi. Dav. 


dorsata. Gm. 


frontalis, Middendorf. 

Marie. Adams. 

coreanica. Adams, 

Bouchardi. Dav. 

cruenta, Dillwyn. . 


+ The range of depth of the European and North Atlantic species has been given 
me by Dr. Gwyn Jeffreys, 
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Depths in fathoms 
hitherto ascertained. 
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Near low water a8 Terebratella occidentalis. Dall. 


to 50 fathoms. 


5 to 50? 
82 ,, 1,340* 
15 
Low water to about 30 fms. 
? 
(?) ? 
? 
5 to 15* 
60 ? 
26 ? 
Low water to 10 fms. 
(?) 
| ? 
15 | ? 
5 to 50? 
50 
Lowest spring tides P 
(?) ? 
(?) 
15 to 120 
40 ,, 85 
35 
10 ,;  292* 
20 , 292 
1,850 
63* 
150 * 
(?) 
150 * 
(?) ? 
Shore to 10 fms. * 
Shore to tide mark 
(?) 
10 to 15 
(?) ? 
40 ,, 
00, 100? 
95? 
18 ,, 364* 
20, 4 
, 180 
? 
150 
(?) ? 
60 
200 


99 
Magasella flexuosa. King. 


? 


Laqueus Californica. 


Bouchardia 
? 


pulvinata. Gould, 
Frieli. Dav. 
rubicunda. Sol. 
Spitzbergensis. Dav. 
rubiginosa. Dall. 
transversa. Sow. 
Labradorensis. Sow. 
Algoensis. Sow. 
Lamenoni. Schrenk. 


Gouldi. Dall.: 
Adamsi. Dav. 
Aleutica. Dall, 
crenulata. Sow. 
Evansi. Dav. 
inconspicua. Sow. 
levis. Dall. 
Patagonica. Gould, 
radiata. Dall. 
suffusa. Reeve. 
Cumingi. Dav. 
Koch. 
picta. Ch. 
rubella. Sow. 


Megerlia truncata. Linné. 


var. monstruosa. 
incerta. Dav. 
Jeffreysi. Dall. 
sanguinea. Ch. 
Willemoesi. Dav, 


Kraussina rubra. Pallas. 


pisum. Lam. 

cognata. Ch. 

Lamarckiana. Dav, 
Davidsoni. Vélain. 

capensis. Adams and Reeve. 
rosea. Mawe. 

fibula. Reeve, 


Platydia anomioides. Se. 


? 


Davidsoni. Desl, 
lunifera. Phil. 


Argiope decollata. Chem. 
Cistella cistellula. S. V. Wood. 


2? 


Neapolitana. Sc. 
biplicata. Sequenza. 
Barrettiana. Dav. 

var. lutea. Dall, 
Woodwardiana. Dav, 
cuneata. Risso. 


_ Scacchi. 


29 
29 
9 
? 
93 
i 
93 
? 
99 
9 
99 
99 
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Depths in fathoms 
hitherto ascertained. 
200 to 250? 
43 


(?) 


17, 


690 ,, 2,400* © 


(?) 
Shore, low water* 
Shore to 7 fms. 
(?) 
(?) | 
? 
10 
(?) 
10 
4 
? 
Shore to 7 fms. 
Shore to 7 fms. ? 
Shore 
(?) 
Tidal mud flats at lowish 
water. 


ian: 
Low flats and lowest water 
17 
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Cistella Schrammi. Crosse. | 
var. rubrotincta. Dall, 
Thecidium Mediterraneum. Risso. | 
Barretti. Woodward, 
Atretia gnomon. Jeffr. 
Rhynchonella psittacea. Gmelin, 
Sicula. Seq. 
nigricans. Sow. 
var. pixidata. Willemves Suhm 
M.S. | 
Grayi. Woodward. 
lucida. Gould. 


9 


TRETENTERATA. King. 


Crania anomala. . Mill. 

»»  daponica. Ad. 

»  Suessi. Reeve. 
Discina striata. Schumacher. _ 

- (Discinisca, Dall) lamellosa. Brod. 

; levis. Low. 

Cumingi. Brod. 
Antillarum, D’Orb. 
stella. Gould. 
Atlantica. King. 


9? 9? 


tenuis. Sow. 


Lingula anatina. Lam. 

exusta. Reeve. 

hians. Swainson. 

»  hirundo. Reeve, 

»  jaspidea. Ad. 

lepidula. Ad. 
Reeve. 


i Reevi Dav.=L. ovalis. 
smaragdina. Ad. 
Adamsi. Dall. 


» affinis. Hancock. 
tumidula. Reeve. 
»  Murphiana. King. 
Glottidia Antillarum. Reeve. 
»  <Audebarti. Brod. 


Palmieri. Dall. 


albida. Hinds. 
” pyramidata, Stimpson. 
semen. Brod. 


In 1852 I published in the ‘Annals and Magazine of Natural 
History’ a sketch of a classification of recent Brachiopoda based 
upon internal organisation, giving a list of all the recent then know! 
species. Similar and revised lists were subsequently published in 185! 
by Professor E. Suess, in 186] by Lovell Reeve and myself, and 10 
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| 60 
| 650 ,, 1,443 
10 ,, 690 
| 690 
150 
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48 ,, 100 
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1970'and 1873 by Mr. W. H. Dall. I have in the-above list given all 
the ranges of depth at present known to me; but of twenty-six species 
no information is given by the original authors, and later research has 
not revealed it. It is to be hoped that future dredging expeditions 
wil supply the desiderata. It. may: also be stated that some twenty 
of the recent species have also been found in the upper tertiary forma- 
tions, No permanent list of the recent species can at present be tabu- 
lated; but in order that the desired result may ultimately be attain- 
able, it is necessary from time to time to lay before the public the 
progress that has been achieved in the right direction, pointing out at 
the same time the unavoidable deficiencies in our knowledge. The 
ranges in depth recorded in our list are even now sufficient to warrant 
win arriving at certain general inductions. Thus, for the sake 
of argument we will put down the number of recorded species and 
named varieties at nominally 135, viz, 125 so termed species and 11 
named varieties, a number which will certainly have to be hereafter 
reduced. As nothing is known respecting some 25 or 26 so called 
species, and which are given in the list, the number upon which we 
may venture to generalize would be about 107. In approximate 
uumbers we find, 


From shore to 500 fathoms, some..........+. 97 species. 
Or named varieties, 12 of these range up to 
1,000 fathoms or less. | 


Of these only one, Discina Atlantica, would 
range from 690 to 2,400 fathoms. 3 

From 1,001 to 1,500 fathoms ......... ee 


Of these Ter. Wyvilli ranges from 1,035 to | 
2,600 fathoms, the greatest depth at which 
any species has been found. | 

From 2,501 to 2,000 fathoms ......eeeeseeeee 8 & 

From 2,001 to 2,600 fathoms 45, 


Thus, out of 107 species or named varieties, some 57, or about halt’ 


the known species, were dredged at depths of about 100 fathoms ; 
20 to 25 at low: water mark, or from 5 to 10 fathoms; the larger 
number up to 50 or 60 fathoms. These facts indicate that the greater 
bulk of known species preferred to live at comparatively small or 
moderate depths, but few in depths ranging up to 500 fathoms, and 
that Brachiopoda are specifically rare at depths varying from 500 to 
2,600 fathoms. 

‘It must, however, in fairness be noted that the number of deep 
fa dredgings is small when compared with those made in seas of 
moderate depths; and, consequently, that a proportionably larger 
number of species may be hereafter expected when a larger area of 
oceanic abysses have been explored. I do not, however, anticipate 
that the general results will much alter the conclusions formulated in 
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the preceding pages. It is aleo evident that some species weré capable 
of existing at a great variety of depth, for instance— 


Platydia anomioides is recorded from 40 to 600 fathoms, 
Rhynchonella psittacea from .....+ 10 ,, 690 
Terebratula vitrea 5 5, 1,456 
Discina Atlantica 600 ,, 2,400 


The animal of the same species of Brachiopod is, moreover, capable 
of existing at different depths without any observable modification 
in shape and character. It has also been clearly ascertained that the 


_ Brachiopoda, although widely distributed, are very much localised, 


and usually occur in great numbers in their respective haunts. 

If we examine the nature of the sea bottom, from which the ‘ Chal. 
lenger’ specimens were obtained, we find that they were dredged nine 
times from sea bottoms composed of rock and clay, once from stones 
and gravel, three times from sand, and eleven times from soft bottoms 
composed of mud, globigerina, or grey ooze; but as previously stated, 
as a rule they prefer rocky bottoms and coral reefs. 

Out of the 30 or 31 species of Brachiopoda dredged during the 
‘Challenger’ Expedition, ten or eleven appear to be undescribed, 


1. Terebratula Wyvilli, n. sp. 


This is a very interesting species of about 18 millimétres in length, 
by 17 in width, and 9 in depth, is nearly as broad as long, semi-trans; 
parent, smooth, and thin. It has a wide concave depression in the 
dorsal valve, and a fold in the ventral one with a small simple loop m 
the interior of the dorsal valve. It bears much external resemblance 
to several species of Waldheimia of the W. carinata group, but differs 
from the forms of that group by the shape of its loop. It was dredged 
at four statious, lat. 42° 41'S., long. 184° 10' E., depth 2,600 fathoms; 
in lat. 83° 31’ S., long. 74° 43’ W., depth 2,160 lat. 42° 43'S., 
long. 82° 11' W. , depth 1,450 fathoms; a small example was also got 
not far from Falkland Island, depth 1,035 fathoms. 


2. Terebratula Moseleyi, n. sp. 


The shell is broadly oval, semi-globose, and rather longer than wid 
white and smooth, loop short, simple; length 23, breadth 21, depth 
14 millims, 

Five examples were obtained all about the same size. It seems # 
be a smaller species than 7. vitrea and T. Cubensis, its nearest allies 
is less elongated and not as convex. It was dredged west of Kerguelen 
Island, lat. 46° 47' S., long. 51° 37’ E.; depth 210 fathoms. 


3. Terebratulina Wyvilli, n. sp. 
This is the most remarkable species of Brachiopod brought home 
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by the expedition. The shell is large, trigonal, broadest anteriorly, 
tapering posteriorly ; valves moderately convex, somewhat flattened 
slong the middle, and abruptly bent inwards close to the margin. The 
lop is short, simple, and rendered annular by the union of the oral 
s. The surface of valves is marked by fine radiating lines; 
lngth 63, width 50, depth 35 millims. bo 
A unique specimen of this fine species was dredged off Culebra 
Island, to the north-west of St. Thomas, in the West Indies, at a depth 
of 390 fathoms. Pe 
Terebratulina Wyvilli greatly exceeds in dimensions the largest 
known species of the sub-genus both recent and fossil. 


4. Terebratula or Terebratulina (?) Dalli, n. sp. 


Of this small shell only one dead specimen was dredged, measuring 
8 millims. in length by 53 in width, and 4in depth. The loop was 
incomplete, but seems to have been short as in Terebratula and 
Terebratulina. In shape the shell is longitudinally oval, thin, globose, 
glassy, and semi-transparent, slightly depressed anteriorly. Exteriorly 
the surface of valves is covered with fine radiating striw, with shorter 
ones interpolated between the larger ones. It was dredged in lat. 34° 
3” W., long. 140° 32' E.; depth 1,875 fathoms, together with Discina 
Allantica. 


5. Terebratulina (?) Murrayi, n. sp. 


Of this species some eleven examples were dredged. It is a small 
shell not exceeding 4 millims. in length by 3} in width, and 2 in depth. 
In external shape it is obscurely trigonal, about as broad as long; 
broadest anteriorly, tapering posteriorly, white, surface marked by a 
small nomber of strong radiating ribs. Loop short, simple. Dredged, 
lat. 28° 33’ S., long. 177° 50' W., near Kermadoc Isle, south of Fejee 
Isles, in a depth of 600 fathoms. 

This is a remarkable and puzzling species, for while its shell and 
loop partake of the character of Terebratulina, its labial appendages 
seem to differ very materially from those of the sub-genus to which it 
is provisionally referred. 


6. Waldheimia Kerguelensis, n. sp. 


Of this fine species a great number of specimens were dredged by 


the ‘ Challenger’ Expedition off Marion Island, west of Kerguelen. 
Isle, in a depth of 100 fathoms, and also in lat. 50° 4’ S., long. 71° 
2 E., at a depth of 150 fathoms. 

The shell is elongated oval, ventricose, smooth, yellowish-white ; 
ventral valve deeper than the dorsal one, and more or less prominently 
keeled by the presence of a wide, slightly convex fold, and in the 
dorsal’ valve by a slight mesial depression or sinus commencing about 
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the middle of the valve and extending to the front, and more or Jeg 
distinctly margined on either side by a faint raised line or ridge: beak 


incurved and truncated by a small circular foramen, loop long and 
reflected ; length 44, width 34, depth 29 millims, 


7. Waldheimia Wyvilli, n. sp. | 
Only one example of this shell was dredged off Valparaiso; lat, 
33° 31’ S., long. 74° 43' W., at a depth of 2,160 fathoms. 
_ The shell is longitudinally oval, very thin, semi-transparent, smooth, 
light brownish-yellow ; valves moderately convex, and rather flattened 


along the middle in dorsal valve. Loop long, reflected; length 19, 


width 14, depth 10 millims. ae 
In external shape it somewhat approaches to Waldheimia cranium, 
but differs from it in several respects. 


8. Terebratella Frieli, n. sp. 


Shell small ovate, smooth, white; valves moderately convex, loop 
doubly attached ; length 10, width 9, depth 5 millims. Two examples 
were dredged off Halifax, lat. 41° 15’ N., long. 65° 45’ W., in 1,340 
fathoms; and two other specimens, which appear to be referable to the 
same species, near the Philippine Islands in from 82 to 102 fathoms. 

I have felt much uncertainty with respect to the identification of 


this species. Dr. Gwyn Jeffreys considers it to be new, and to be 


referable to the genus Terebratella. | 


9. Megerlia (?) incerta, n. sp. 


This is a new and very remarkable species. I did not like to sacr- 
fice one of the two or three specimens in the attempt to develop the 
loop, and therefore am unable to pronounce any decided opinion as to 
the genus among the Terebratulids, to which it should be referred. 
The strong general resemblance it bears to Megerlia truncata induces 
me to provisionally leaving it in that genus. In external shape it is 
semi-circular, small, somewhat broader than long, hinge-line, straight, 
with obtuse cardinal angles, semi-transparent, whitish; valves very 
moderately convex, ventral valve a little deeper than the opposite one, 
and slightly longitudinally depressed along the middle; beak small 
and truncated by an incomplete circular foramen laterally margined 
by small deltidial plates; beak margin very sharply defined, leaving 
between them and the hinge-line a sharply defined narrow area; sut- 
face of both valves marked by numerous rounded radiating mbs; 
length 8, breadth 9, depth 4 millims. It was dredged in lat. 1° 47’ N,, 
long. 24° 26’ W. 


10. Megerlia Willemoesi, n. sp. 
Shell oval or longitudinally oval, broadest anteriorly, tapering 
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: valves moderately convex; surface smooth, white; length 
10, 9, depth 5 millims. 

five examples of this interesting species were dredged in lat. 36° 
S., long. 150° 30’ off Twofold Bay, South Australia, in 
fathoms. 

The other species of. Brachiopoda, dredged in the ‘ Challenger’ 
Expedition, have been already named along with the depths at which 
they were found. It is, however, somewhat remarkable that the 
‘Challenger ' Expedition did not bring back any of those red-coloured 


jecies which are so abundant near New Zealand, Japan, and other — 


southern places. 


IX. “ Electrodynamic Qualities of Metals.* Part VII. Effects 
of Stress on the Magnetization of Iron, Nickel, and Cobalt.” 


By Sir Wiuu1aM THomson, F.R.S., Professor of Natural 
Philosophy in the University of Glasgow. Received May 22, 
1878. 
( Abstract.) 


This paper commences with a detailed description of a series of 
experiments on the effects of stress on the magnetism of soft iron, of 
which some first results were described in a preliminary notice, com- 
municated to the Royal Society on the 10th of June, 1875, and pub- 
lished in the ‘‘ Proceedings.” A few months later, the author found 
that he had been anticipated by Villarit in the most remarkable of 
those results—that showing increase or diminution of magnetization 
by longitudinal pull, according as the magnetizing force is less than, 
or greater than, a certain critical value. 

In the first series of experiments described in this paper, the amount 
of the magnetizing force is varied through a range of values from zero 
to 900, on a scale on which about 12} is the value of the vertical com- 
ponent of the terrestrial magnetic force at Glasgow, and the effects of 
hanging on and taking off weights of 7 lbs., 141bs., and 21 Ibs.,t in 
changing the induced magnetism, are observed. The experiments 
were made at ordinary atmospheric temperatures, and at temperature 
100° C. The results are shown in curves, of which the abscissas 
represent the magnetizing forces and other ordinates, the change of 
magnetism produced by “fons” and “ offs” of the weight while the 
magnetizing force is kept constant. The Villari critical value was 


* Phil. Trans., 1875. ¢ Poggendorf’s “ Annalen,” 1868. 

{ The wire was of about 22 Birmingham gauge, weighing therefore about 14 lbs. 
per nautical mile. It was so soft that it had experienced a considerable permanent 
stretch by 21 lbs.; it would probably break with 30 or 40 lbs. Steel pianoforte wire 
of same gauge bears about 230 lhe. 
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found to differ for the two temperatures, and for different Weights : 
thus approximately :— 


Magnetizing force for which the “on” and 
Amount of “ off” produce no change of magnetism. 
weight 
and off.” At atmospheric tem- 
perature (being At wa 
about 15° C.) 
7 Ibs. 266 280 or 290 
14 ” 281 286 
21 288 310 


The maximum effect of the “on” and “off” was found in each 
case with magnetizing force of from 50 to 60 of the arbitrary scale 
divisions (or about four times the Glasgow vertical force), Its 
amount differed notably, though not greatly, with the temperature, 
and, as was to be expected, greatly with the different amounts of 
pull; but it was not nearly three times as much with 21 lbs. as with 
7 lbs. ; thus approximately :— 


Maximum effect in the way of augmentation 
Sie ak of magnetism by “on” and diminution 
weight “on” by “ off. 
and “ off.’’ 
about Temperature 100° C. | 
31 scale divisions i 
7 Ibs. of ballistic gal- }| 25 scale divisions. 
vanometer. 
14 ,, 85 do. do. 32°4 do. do. 
54 do. do. 50°3 do. do. 
I 
The curves all tend to asymptotes parallel to the line of abscissas on 


its negative side for infinite magnetizing forces; and they indicate the f 
following ultimate values for the two temperatures, and the different ; 
amounts of pull :— 8 


Effect in the way of diminution of magnetism 


Amount of by “on” and augmentation by “ off ” when t 
weight “on” the magnetizing force is very great. 1 
and “ off.” 
Temperature 15°C. | Temperature 100° C. : t 
0 
scale divisions of 
7 \bs. ballistic ee} 3 scale divisions. 

nometer. - 

it 13°5 do. do. 92 do. do. 

21 do. do. do. do. 


| 
i 
| 
| 


Electrodynamic Qualities of Metals. 44] 


1878.] 


For other features the curves themselves as given in the paper may 
he looked to. 

[ater experiments on the effects of pull transverse to the direction 
of magnetization showed correspondingly oppomte effects to those of 
ngitudinal pull, but with a “‘critical value” of magnetizing force 
narly twice as great. That for longitudinal pull, according to the 
preceding figures, was about 23 times the Glasgow vertical force; for 
the transverse pull the critical value found was about 60 times the 
Glasgow vertical force. The transverse pull was produced by water 
pressure in the interior of a gun-barrel applied by a piston and lever 
atone end. Thus a pressure of about 1,000 lbs. per square inch, 
applied and removed at pleasure, gave effects on the magnetism in- 
duced in the vertical gun-barrel by the vertical component of the 
terrestrial magnetic force, and, again, by an electric current through 
acoil of insulated copper wire round the gun-barrel. When the force 
magnetizing the gun-barrel was anything less than about 60 times the 
Glasgow vertical force, the magnetization was found to be less with 
the pressure on than off. When the magnetizing force exceeded that 
critical value, the magnetization was greater with the pressure on than 
of. The residual (retained) magnetism was always less with the 
pressure on than off (after ten or a dozen “ons” and “‘ offs” of the 
| pressure to shake out as much of the magnetization as was so loosely 
held as to be shaken out by this agitation). 

The vertical component of the terrestrial magnetic force at Glasgow 
isabout *43 c.-g.-s. units. Hence the critical values of the magnetiz- 
ing force for longitudinal and transverse pull are approximately 10 and 
2) ¢.-g.-s. units. With any magnetizing force between these limits 
the effect of pull whether transverse or longitudinal must be to 
diminish the magnetization. Hence it is to be inferred that equal pull 
in all directions would diminish, and equal positive pressure in all 
directions would increase, the magnetization under the influence of 
force between these critical values, and through some range above and 
blow them ; and not improbably for all amounts, however large or 
small, of the magnetizing force (?) ; but further experiment is necessary 

to answer this question. 

The opposite effects of longitudinal and transverse pull, for magne- 
ting forces not between the critical range of from 10 to 25 c.-g.-s. 

units, show an aeolotropic magnetic susceptibility in iron under aeolo- 
hopic stress [that is, any stress other than pressure (whether positive 
or negative ) equal in all directions.] Consideration of the relation of 
this result to Wiedemann’s remarkable discovery of the induction of 
longitudinal magnetization by twisting an iron wire through which 
an electric current is maintained, is important and suggestive. In the 
| Present paper a counter-influence is pointed out, in the aeolottopic 
change of electric conductivity add produced in the iron by 

2G 


- 


* 
i 
] 
| 
ra 


442 ae lectrodynamic Qualities of Metals. [May 23 


stress.* This influence illustrated by experiments made a few days 
ago for the author, by Mr. Macfarlane, in Glasgow, and Mr. Bottomley, 
in the Physical Laboratory of King’s College, London, by kind per. 
mission of Professor Adams, which show in two very different ways 
that twisting a brass tube through which a current of electricity ig 
maintained gives to the electric stream lines a spirality of opposite 


. name to that which the twist gives to longitudinal filaments of the 


substance, and so proves that in aeolotropically stressed brass the 
electric conductivity is greatest and least in the directions of greatest 


and least pressure. The some law probably holds for iron. Wiede- 


mann’s result is that the end of the iron wire by which the current 
enters, becomes a true north or a true south pole, according as the 
twist is that of a right handed or of a left handed screw. This is the 
same direction of effect as would result from the aeolotropy of the 
magnetic susceptibility produced by the stress if the tangential magne. 
tizing force in the outer part of the wire is less than the critical value, 
for which the effect of the stress is isotropic ; but it is opposite to the 


effect due to the aeolotropy of the electric conductivity. Yet the 


author in repeating Wiedemann’s experiments has found his result— 
the same in direction, and greatest in amount—with the strongest 
currents he has hitherto applied—currents strong enough to heat the 
wire seriously (but not yet measured or estimated in absolute measure), 
The reconciliation of the Wiedemann result with the conflicting infin- 
ence of conductive aeolotropy, and with the influence of aeolotropy 
of magnetic susceptibility, which also is conflicting when the magne- 
tizing force is great enough, is a difficulty which calls for investiga 
tion. 

The paper includes a series of experiments on the effects of twist 
on magnetization of iron wire under longitudinal mugnetizing foree 
(the Glasgow vertical force alone in this first series). It confirms 
results of previous experimenters, Matteucci, Wertheim, and Edmond 
Becquerel, according to which twist in either direction diminishes the 
magnetization; and extends them to wires under different amounts of 
longitudinal pull. When the pull was great—approaching the limit of 
elasticity of the wire, the twist, even when well within the limits of 
elasticity, had much less effect in diminishing the magnetism than 
when the pull was small. The results are recorded in curves whith 


. show a very remarkable lagging of effect, or residue of influence of 


previous conditions. 

The paper concludes with a description of experiments, showing 2 
bar's of nickel and cobalt effects of longitudinal pull opposite to those 
found by Viillari for iron with magnetizing force below the critical 


* See § 161 of Part V of this paper (‘ Electrodynamic Qualities of Metal,” 


“Trans. Roy. Soc.,” vol. exlvi, Feb., 1856. Also Tomlinson, “Proc. Roy. See» 
vol. xxvi, p. 401, 1877. 
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value—that is to say, the magnetization of the nickel and cobalt was 
dimimished by pull. But this effect came to a maximum, and began to 
diminish markedly as if towards zero, when the magnetizing force 
was diminished. Hitherto the critical value, if there is one, has not 
heen reached; but the experiments are being continued to find it, 
fit is to be found, with attainable degrees of magnetizing force. 


(Addition, May 23, 1878.) 


It had been reached, for nickel, in Glasgow, about the day on which 
this abstract was written; advantage having been taken of a kind 
loan, by Professor Tait, of a much smaller bar of nickel than those 
which had been specially made for the investigation, and which alone 
had been previously available. Mr. Thomas Gray, by whom the ex- 
periments were made, in the Physical Laboratory of the University of 
Glasgow, in the author’s absence, found the critical value of the mag- 
netizing force for Professor Tait’s thin nickel bar to be about 600 times 
the Glasgow vertical force. 


[The author is indebted to the celebrated metallurgical chemist, Mr. Joseph 
Wharton, of Philadelphia, for a splendid and unique set of bars, globes, and disks, of 
pure nickel and cobalt, which he kindly made, at his request, for this and other 
proposed investigations of electro-dynamic qualities of those metals.]} 


X.“On the Existence of a Rudimentary Head-Kidney in the 
Embryo Chick.” By F.M. Baurour, M.A., Fellow of Trinity 


College, Cambridge, and ApamM SepewiIck, B.A., Scholar of 


Tmnity College, Cambridge. Communicated by Dr. M. 
_ Foster, F.R.S., Preelector of Physiology in Trinity College, 
Cambridge. Received May 20, 1878. : 


We have been for some time engaged in an investigation on the 
mode of growth of the developing Miillerian duct in the chick, and its 
possible derivation from the Wolffian duct; and, while carrying on 
our investigations on this point, were struck by some remarkable 
features of the abdominal opening of the Miillerian duct in its very 
‘arly condition. We did not for some time pay much attention to 
these features, but finally devoted ourselves to their interpretation, 
and have been led to the conclusion that they form the rudiment 
of a head-kidney, ‘ Vorniere” or “ Kopfniere,” identical with that 


| Present in Amphibia, Marsipobranchii, and Teleostei. We purpose 


first to give a short account of our observations, and then to proceed 

to state the grounds on which we have been led to compare the 

structures we have found with the head-kidney of the Ichthyopsida 
| 2a2 
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The first trace* of the Miillerian duct we have met with is a 
shallow groove in the germinal epithelium some little way behind 
the front end of the Wolffian body, and nearly overlying, though 
slightly external to, the Wolffian duct. This stage corresponds with 
the earliest stage described by Dr. Gasser.t In the next 
which follows very closely upon the first one, remarkable c 
have taken place in the groove, which can best be explained by. 
describing the appearance of a series of successive sections from 
before backwards through the groove and its continuation. 

Anteriorly there appears in section a simple groove, which, after a 
short distance, is suddenly replaced by an apparently solid thickening 
of the germinal epithelium. An open groove again appears in this, 
which in its turn is succeeded by a thickening, which is next converted 
into a definite ridge, projecting inwards towards the Wolffian duet, 
in which, we believe, we have observed a rudimentary lumen. After 
one or two sections, a slit-like opening appears, placing the lumen 
in the ridge in communication with the body cavity, and, in fact, a 
groove somewhat deeper but otherwise exactly similar to that visible 
in the anterior sections has reappeared. This groove after being con- 
tinued for two or three sections again becomes closed, and its walls 
are prolonged as a nearly solid rod which cannot be traced beyond one 
or two sections. In general terms, the change which has taken place 
is, that the opening of the primitive simple groove has been divided 
into three, and the three separate grooves are connected by a rod-like 
structure developed from part of the wall of the original groove, m 
which a lumen either exists from the first, or very soon appears. 

In the next stage, the anterior part of the Miillerian duct is formed 
of a tube communicating by, at the least, three separate apertures 
with the body cavity, and the tube connecting these is perhaps slightly 
convoluted. The hindermost opening of the duct is continuous with 
a rod-like body which may be traced backwards for some little dis 
tance. It is hollow in front, and terminates by a solid point, m4 
manner which we propose describing in detail in a fuller paper, with 
illustrations. 

This peculiar condition of the abdominal opening of the Miillerian 
duct does not last for long, and before the Miillerian duct has nearly 
grown back to the cloaca, it opens in front by a single elongated 
groove. At this period, its hind end, or growing point, instead of 
being conical, is rounded, and the lumen of the duct is continued mo 
the rounded extremity. 

So far as we know, none of the very divergent accounts which hs 


* We do not give the number of hours of incubation, as we find these are 
inconstant to be of any scientific value. | 

+ “Entwicklungsgeschichte d. Allantois d. Miiller’schen Gange u. d. Afters 
Frankfurt, 1874. 
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bem given of the development of the Miillerian duct in the least 
resemble what we have described, though the well known and often 

figure of Waldeyer* (copied in the “ Elements of Embryo- 
gy,” fig. 51) very possibly represents a section of the anterior ex- 
iemity of the duct in an interval between two openings. 

In the above description we have given the more important results 
of our investigation, and it only remains for us to prove that the 
peculiarly modified anterior extremity of the Millerian duct is in reality 
smdimentary head-kidney. For this purpose it is necessary for us to 
show, first, that it is in the situation where we might expect to find a 
head-kidney ; and secondly, that it resembles a head-kidney in structure. 

It will be convenient to reverse the logical order, and to attempt to 
prove, in the first instance, the second of these points. We will use as 
our type the head-kidney in the Amphibia. 

The head-kidney of Amphibian larve was discovered by Johannes 
Miller,t and is often spoken of as the Millerian body. Its develop- 
ment has, in recent times, been worked out in asatisfactory manner hy 
W. Maller,t Gotte,§ Spengel, ||and Fiirbringer.§ It developes from the 
anterior extremity of what becomes afterwards its duct. This duct 


is called by Firbringer the duct of the head-kidney, and by one of 


w** the segmental duct. 
This duct, for which we shall retain the name sogreental duct, de- 


velopes as a groove-like invagination of the epithelium of the body 


cavity, which soon becomes constricted into a duct, blind behind, but 
mding in front by a groove in free communication with the body 
cavity. The open groove at first deepens, still remaining in communication 
with the body cavity. It neat elongates, and by process of unequal con- 
iriction becomes converted into a horizontal canal, retaining its communt- 
cation with the body cavity by a number of openings, varying wanes to 
the species from two to four. - 

The part of the duct following on the horizontal canal next assumes 
an §-shaped curvature, continuous, however, with the segmental duct 
behind, which somewhat later acquires an opening into the cloaca. We 
need not follow the further development and final atrophy of the head- 


*“Kierstock u. Ei.” Leipzig, 1870. 

“Ueber die Wolff’schen Kérper bei d. Embryonen d. Frésche u. Kriten.” 
“Meckels Archiv,” 1829. 

I “Ueber d. Urogenital System der Amphioxus u. d. Cyclostomen.” “ Jenaische 
teitechrift,” Bd. ix. 

§ “Entwicklungsgeschichte d. Unke.” 
i Urogenitalsystem d. Amphibien. Arbeiten a. d. Zool-zoot. Institut zu Wiirz- 

33 Bd. iv. 
7 “Zur. Entwicklung der Amphibienniere.” Heidelberg, 1877. “‘ Zur verg. Anat.u. 
ick. d. Excretionsorgane d. Vertebraten.” ‘ Morphologische Jahrbuch,” Bd. vi. 
** Balfour, « Origin and History of Urinogenital Organs of Vertebrates.” 


_ “Tournal of Anat. and Phys.,” vd. x, and “ Monograph on Elasmobranch Fishes.” 
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kidney in Amphibia, and consider it only necessary to call attention 
to the similarity, amounting almost to identity, between our account of 
_ the metamorphosis of the anterior part of the Miillerian duct in the 
bird and the italicised part of our description (taken from Fiirbringer 
of the changes in the open extremity of the segmental duct in the 
Amphibia, which results in the formation of the head-kidney. 

In this connexion, there is only one point we desire to call 
attention to, and that is the presence in Amphibia of a peculiar body, 
usually spoken of as the glomerulus of the head-kidney, which is 
developed at about the same time as the head-kidney. We believe, 
though we have not fully satisfied ourselves on the point, that we have 

_ found an homologous body in the chick. 
In reference to the identity in the position between our head- kid 
in the bird and that in Amphibia, we have only to say that one of us* 
has already, on other grounds, attempted to show that the abdominal . 
opening of the Millerian duct in the bird is the homologue of the 
a abdominal opening of the segmental duct in Amphibia, Elasmobranchi, 
of &e., and that we believe that this homology will be admitted by most 
4g anatomists. Should the interpretation we have given of the pect- 
liarities of the abdominal opening of the Miillerian duct in birds he 
accepted, a further proof of this homology will be afforded. 
We may say, in conclusion, that we trust soon to be in a position to 
publish a fuller account of our observations, with illustrations. 


XI. “Observations on Arctic Sea-water and Ice.” By Surgeor- 
Major E. L. Moss, M.D. Communicated by Captain Sir 
GEORGE NargEs, R.N., K.C.B., F.R.S. Received May 3, 1878. 


[ Publication 


“Note to Mr. Sedley Taylor's ‘Experiments on the Colours 
shown by thin liquid Films under the Action of Sonorow 
Vibrations.” (“ Proceedings,” vol. xxvii, 1878, pp. 71, eq.) 
Communicated by J. W. L. Guatsuer, F.R.S. Received 
May 20, 1878. 


The failure to obtain steady resultant-forms for two componest 
sounds, mentioned at p. 74, proved, on further inquiry, to be duet 
the imperfect mode of experimenting there described. I stated this 
fact in a note, written upon the final revise of my paper ; but, by some 
inadvertence for which I am not responsible, the paper app 
without it. 


The Society adjourned over Ascension Day and the we 


Recess to Thursday, June 20. 
* Balfour, loc. cit. 
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June 6, 1878. 
The Annual Meeting for the election of Fellows was held this day. 


Sir JOSEPH HOOKER, K.C.S.I., President, in the Chair. 


The Statutes relating to the election of Fellows having been read, 
Major-General H. Clerk and Dr. G. Johnson were, with the consent of 
the Society, nominated Scrutators to assist the Secretaries in examining 
the lists. 

The votes of the Fellows present having been collected, the following 
endidates were declared duly elected into the Society. 


John Gilbert Baker, F'.L.S. John Hughlings Jackson, M.D. 
Francis Maitland Balfour, M.A. | Lord Lindsay, P.R.A.S. 

Rev. Thomas George Bonney, M.A. | Samuel Roberts, M.A. 

Prof, James Henry Cotterill, M.A. | Edward Albert Schafer, M.R.C.S. 


Sir Walter Elliot, K.C.S.I. Hermann Sprengel, Ph.D. 
Rev. Canon W. Greenwell, M.A. | George James Symons. 
Thomas Hawksley, C.E. Charles Sissmore Tomes, M.A. 


Thanks were given to the Scrutators. 
3 June 20, 1878. 
Sir JOSEPH HOOKER, K.C.S.I., President, in the Chair. 
In pursuance of the Statutes, notice of the ensuing Anniversary 
Meeting was given from the Chair. ates ; 


The Presents received were laid on the table and thanks ordered for 


The Right Hon. William Henry Smith, Mr. John Gilbert Baker, 
Mr. Francis Maitland Balfour, Prof. James Henry Cotterill, Sir Walter 
hot, Rev. Canon W. Greenwell, Mr. Thomas Hawksley, Dr. John 
Hopkinson, Mr. Samuel Roberts, Mr. George James- Symons, and 
Mfr. Charles Sissmore Tomes, were admitted into the Society. 


The following Papers were read :— 


lL “Notes on Physical Geology. No. V. Mr. George H. Dar- 


wins Comments on Note No. II.” By the Rev. SAMUEL 

Havcuton, M.D. Dubl., D.C.L. Oxon, F.R.S., Professor of 

Geology in the University of Dublin. Received May 20, 
1878, 

In the “ Proceedings of the Royal Society,” 14th March, 1878, p. 179, 

Mr. George H. Darwin has published a criticism on my proposed 

uethod of finding a limit to the duration of certain geological periods, 


= in the “ Proceedings of the Royal Society,” 20th December, | 
| p. 534, 
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My paper, of 20th December, consisted of two parts:—lIst. A dig. 
cussion of the rate at which a “wabble” of the earth’s axis of rotation, 
caused by a want of coincidence between the axis of figure and the 
axis of rotation, would be destroyed by the friction of the oogay 
against its bed. 2nd. Speculative inferences from the solution of this 
problem, as to the duration of geological periods, depending on hypo. 
thetical geological assumptions as to the method in which Europasis 
was manufactured. 

These assumptions were three in number, ina none of them very 
probable, viz. :— 

(a.) An instantaneous formation of the continent ; 

(b.) Its formation by means of 69 equal convulsions, with an interval 
of time between each, sufficient to reduce the radius of the wabble 
from one mile to five feet ; 

(c. ) Its formation, by a number of small shocks, each displacing the 
axis of figure by such an amount that tidal friction would be able to 
render the axes of figure and rotation again coincident in the period 


- of a single wabble. 


In discussing the two latter hypotheses, I naturally timed my shocks 
so as to produce the maximum wabble. For this assumption I have, of 
course, no authority; and I readily admit that any conclusions drawn 


_ from the earth’s wabble can have no more value than the probability 


of the hypothesis we may make as to the method of formation of 
Europasia. | 

In general, let AOB, fig. 1, be a portion of the path described by 
the axis of the figure, let AO be the displacement produced by any 
single shock, and let APBQ be the circle described by the axis of 
rotation in the first wabble after the occurrence of the shock. _ 


If the next shock which moves the axis of figure from 0 to B | 
occurs when the axis of rotation is at A, the wabble will be d 
and have the radius AB; but if the}]second shock be so timed #* 
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occur when the axis of rotation is passing through B, the wabble will 
immediately cease, for the axes of rotation and of figure will coincide.* 

[fr = 304-75 days, the wabble will be doubled if the next shock 
occurs at an interval denoted by nz, and will be destroyed if the 
interval is (n + 4)r. 

If the shocks occur at irregular intervals, at the moment of shock 
the axis of rotation may be anywhere on the circle APBQ, and 
the mean effect will be found when the axis is at P or Q, which 
would be a more probable assumption than that made by me, when I 
placed the axis always at A. Let us now calculate the mean effect 
when shocks occurring at unknown intervals take place when the 
axis of rotation is at P or Q. 

Let r denote the radius AO, then we i 


Radius of lst wabble = r. 
, C888 we V6. 


»» of nth wabble = r Vn. 


Ifr = 5 feet (the least observable wabble), n, the number of equal 
shocks — to displace the axis of figure through 69 miles, will be 


_69 x 5280 
5 


- This number should be substituted for A’ in equation 12 (N ote iii,.p. 


043), when we obtain, for the number of years required by tidal fric- 
tion to destroy the final wabble, 


320,380 years. 

This, as might be expected, is half the time required to destroy the 
fnal wabble, when all the shocks were additive at a maximum and 
occurred when the axis of rotation was passing through A. 

Mr. Darwin has discussed at length the case of the axis of figure 
moving uniformly, and finds that the axis of rotation will move on a 
tyeloid. I here give an easy geometrical proof of this theorem :— 


2,864, 


Let AOB be 1 a portion of ‘the path uniformly described hy the axis 


* If AB be 69 miles, Europasia might have been manufactured in 1524 days, by 
two equal shocks. 
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of figure ; and let x be the position of the axis of figure at any moment, 
and y the corresponding position of the axis of rotation, then by the 
conditions of the problem, fig. 2, 


Az varies as the time, 
The angle, Axy=yzz varies as the time. 
But the angle yzz is proportional to the arc zy: therefore 


Az varies as arc 42, 


but they are supposed to start together from zero, at the point A. 
Therefore Az = arc zy, and the locus of y is the common cyeloid, 
whose generating circle i is xyz with diameter equal to the axis of the 
cycloid PO. 

If the axis of figure therefore travels uniformly, the axis of rotation 
will describe a cycloid, and the two axes will coincide every 152} days, 
at the cusps, and the maximum radius of wabble will be OP, the 
diameter of the generating circle. 

Mr. Darwin, finally, discusses the following problem :* 

“T will now suppose that the geological changes begin snddenly 
from rest and proceed at such a rate that the variations in the position 
of the principal axis are imperceptible to astronomical observation. I 
will suppose, therefore, that the extremity of the instantaneous axis is 
never more than 5 feet distant from the extremity of the principal 
axis.” 

Mr. Darwin deduces from this that a displacement 1 in the axis of 
figure, amounting to 69 miles, might be produced in 19,200 years, 
without ever producing an observable wabble. 

My calculation of this problem is as follows :— 

Since OP is 5 feet, the base of the cycloid, AB will be 57, and as 
this length is described by the axis of figure in half a wabble, we have, 
if be the number of years required to describe 69 miles, 


30475 
: 69x 5280 :: 
From this I find— 
5280 x 304°75 _ 9675.7 


2x 86525 x 


This result is half that obtained by Mr. Darwin. 

My object in publishing the latter part of my paper, was to show 
that if geologists shall ever be in a position to give us exact inform 
tion as to the mode of formation of a continent, under certain ciroum- 
stances, conclusions of value as to geological time might be | 
from observations made on the wabble of the axis of rotation; but it 
is clear that, in the present state of our knowledge, such conclusions 
must be regarded as hypothetical. 

* Ante, p. 182. 
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IL “On the Acceleration of Oxidation by the Least Refrangible 
End of the Spectrum.” NotelIlI. By Captain ABNEY, R.E., 
F.R.S. Received June 8, 1878. 


In my first note on this subject it was stated that further experi- 


ments would be undertaken, in which sensitive films would be exposed 


to the action of the spectrum in atmospheres free from oxygen. These 
have been carried out by means of apparatus specially designed for the 
prpose, hydrogen and nitrogen being the atmospheres employed, 

and in some cases hydrogen vacua. In every case the experiments 
were confirmatory of what was previously surmised, the image show- 
ing no signs of oxidation, and there is evidence to show that the 
limit of sensibility of the compounds used is lowered towards the least 
refrangible end of the spectrum. 

Exposure of films in solutions which readily combine with oxygen, 
and at the same time with the halogens, have given most remarkable 
results. For instance, silver bromide which by its colour should have 
proved sensitive to the red end, yet when exposed in the usual manner 
was insensitive below B in the spectrum, proved sensitive when exposed — 
m sodium sulphite (Na,SO;), and arrived at M the lowest limit 
(about W.L. 12,000) which I have as yet photographed. In the 
same solution, to quote another experiment, silver iodide proved 
sensitive to a point between a and A. The experiments were carried 


out in duplicate. In one the plate was immersed in the solution, 


and in another the salt was dissolved when possible in glycerine and 
applied to the film. Both methods answered equally well, but for 


| §me purposes the latter is more convenient. 


My experiments also prove, that what is technically known as solari- 
tation is due to the oxidation of the image, accelerated by light generally, 
be it the more or less refrangible end of the spectram. This oxidation 
causes the formation of a compound which is undevelopable, as already 
has been pointed out. It has thus been found impossible to produce 
‘dlarization in solutions which have oxygen absorbents. We may 
therefore conclude that the whole spectrum exercises a reducing action 
m the sensitive salt, and that this reduced — is again capable 
of being oxidized by it. 

The relative power of the two actions seems to vary according to 
the part of the spectrum. This subject is still under consideration. 

In my first note I also mentioned that photography 1 in natural colours 
probably depended on the same action. My surmise is confirmed to a 
great extent. If silver sub-chloride or silver sub-bromide be produced 

y, we have a dark compound formed which, if exposed to the 
action of the spectrum whilst in an oxidizing solution (such as hy- 
peroxide), rapidly takes the colour of the rays acting upon it, 
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the yellow being the least marked. The red, green, and blue are how. 
ever particularly well rendered by reflected light, and the plate shows 
the colours as seen when a dull light is thrown on the slit of the 
troscope, a simile which was suggested to me by Mr. Norman Lockyer, 

From the evidence obtained by these experiments it appears. that 
two or three molecular groupings are sufficient to give the necessary 
colours, a subject which I only allude to, since the more general question 
of molecular groupings is being considered by others. 


Ill. “« A Tenth Memoir on Quantics.” By A. CaYLey, Sadlerian 
Professor of Pure Mathematics in the University of Cam- 
bridge. Received June 12, 1878. 


(Abstract. ) 


The present memoir, which relates to the binary quintic (*)(a, y)', 
has been in hand for a considerable time; the chief subject-matter 
was intended to be the theory of a canonical form discovered by myself, 
and which is briefly noticed in “Salmon’s Higher Algebra,” 3rd Ed 


(1876), pp. 217, 218; writing a, b,c, d, e, f,g...4u, v, w, to denote 


the 23 covariants of the quintic, then a, b, c, d, f are connected by the 
relation f? = — a*d -++ a*bc — 4c*; and the form contains these co- 
variants thus connected together, and also e; it in fact is... 
(1, 0, c, f, — 3c?, — 2Wcf)(z, y)’. | 

But the whole plan of the memoir was changed by Sylvester's 
discovery of what I term the Numerical Generating Function (N.G.F,) 
of the covariants of the quintic, and my own subsequent establishment 
of the Real Generating Function (R.G.F.) of the same covariants. 


The effect of this was to enable me to establish for any given degree 


in the coefficients and order in the variables, or, as it is convenient to 
express it, for any given deg-order whatever, a selected system of 
powers and products of the covariants, say a system of “ segregates;’ 
these are asyzygetic, that is, not connected together by any linear 
equation with numerical coefficients ; and they are also such that every 
other combination of covariants of the same deg-order, say, every 
“congregate” of the same deg-order, can be expressed (and that, 
obviously, in one way only) as a linear function, with numerical 
efficients, of the segregates of that deg-order. The number of col 
gregates of a given deg-order is precisely equal to the number of the 
independent syzygies of the same deg-order, so that these syzygies g1¥¢ 
in effect the congregates in terms of the segregates: and the prop 
form in which to exhibit the syzygies is then to make each of them 
give a single congregate in terms of the segregates, viz., the left hand 
side can always be taken to be a monomial congregate a*U?. . ., of to 
avoid fractions, a numerical multiple of such form, and the right hand 
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side will then be a linear function, with numerical coefficients, of the 
segregates of the same deg-order. Supposing such a system of syzy- 
gies obtained for a given deg-order, any covariant function (rational 
and integral function of covariauts) is at once expressible as a linear 
fanction of the segregates of that deg-order ; it is in fact only neces- 
ary to substitute therein, for every monomial congregate, its value as 
alinear function of the segregates. Using the word covariant in its 
most general sense, the general conclusion thus is that every covariant 
can be expressed, and that in one way only, as a linear function of 
segregates, or, Say, in the segregate form. 

Reverting to the theory of the canonical form, and attending to the 
ration f? = — a®d + a*be — 4c’, it thereby appears that every co- 
variant multiplied by a power of the quintic itself, a, can be expressed, 
and that in one way only, as a rational and integral function of the 
covariants, a, b, c, d, e, f, linear as regards f; say, every covariant, 
multiplied by a power of a, can be expressed, and that in one way only, 
m the “standard” form. As an illustration, we may take a*h= 
bacd + 4bc? + ef. Conversely, an expression of the standard form, that 
is,arational and integral function of a, b, c, d, e, f, linear as regards f, 
not explicitly divisible by a, may very well be really divisible by a power 
ofa (the expression of the quotient, of course containing one or more 
of the higher covariants, g, h, &c.), and we say that, in this case, the 
expression is “ divisible,” and has for its “divided” form the quotient 
expressed as a rational and integral function of covariants. Observe 
that, in general, the divided form is not perfectly definite, only becom- 
ing s0 when expressed in the before-mentioned segregate form, and 
that this further reduction ought to be made. There is occasion, how- 
ever, to consider these divided forms, whether or not thus further 
reduced, and moreover it sometimes happens that the form presents 
itself or can be obtained with integer numerical coefficients, while the 
coefficients of the corresponding segregate form are fractional. 

The canonical form is peculiarly convenient for obtaining the ex- 
pressions of the several derivatives (Gordan’s ‘“ Uebereinanderschie- 
bngen ”), (a, b)', (a, b)*, &c. (or, as I propose to write them, abl, 
a2, &c.), which can be formed with two covariants the same or 

nt, as rational and integral functiong of the several covariants. 
twill be recollected that, in Gordan’s theory, these derivatives are 
used in order to establish the system of the 23 covariants, but it seems 
Preferable to have the system of covariants and, by means of them, to 
obtain the theory of the derivatives. | | 

I'mention, at the end of the memoir, two expressions (one or both 
ofthem due to Sylvester) for the N.G.F. of a binary sextic. 

€ several points above adverted to are considered in the memoir ; 
Paragraphs are numbered consecutively with those of the former 
memoirs upon quantics. 
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Iv. « Osteology of Polyodon folium.” By T. W. B.A, 


Scholar of Trinity College, and Demonstrator of Compara. 
tive Anatomy in the University of Cambridge. Communi- 
cated by Professor NEwTon, F.R.S. Received May 29, 
1878. | 


( Abstract. ) 


On a previous occasion® the author described the cranial osteology 
of one of the more specialized genera of existing Ganoids, and the paper 
now laid before the Society is an attempt to add to the relatively 
scanty literature of this department of comparative anatomy, by giving 
in detail an account of the skeletal structures of one of the most 
generalized members of the group. The following are among the 
more important of the conclusions which the facts elucidated appear 
to warrant. | 

A comparison of Polyodon with its nearest living ally, the Sturgeon, 
demonstrates the close relationship that exists between the two forms 
as regards their skeletal anatomy. In so far as Acipenser differs from 


_ Polyodon, it approaches the Teleostean type, nor is the latter genus 


without indications of having undergone a degree of specialization in 
the same direction. But not the least important characteristic of 
Polyodon is its possession of a remarkable combination of structures, 
usually regarded as being specially distinctive of the Plagiostome 


Elasmobranchii. The existence of such primitive characters, which 


are also present in Acipenser, though to a less extent, suggests the 
desirability of giving to such facts adequate expression in any scheme 
that may be proposed for the classification of the Ganoids. After giving 


a resumé of the views held by various zoologists as to the position of 


these genera in their order, it is suggested that J. Miiller’s two sub 
orders (Chondrostei and Holostei) should be retained, though it seems 
advantageous to remodel the definitions on which they were based. 
The various families of recent Ganoidei may be arranged in two sub- 
orders of approximately equal morphological value, which are mainly 
differentiated by the structure of their upper jaws. 

a. G. Selachoidet.—Pterygoid processes united in @ medio-ventral 
symphysis beneath the basis cranii; notochord persistent and um 
segmented ; spiracles and mandibular branchie present. | 

Gen. Polyodon, Acipenser, Scaphirhynchus, Chondrosteus. 

B. G. Teleosteoidei.—Pterygoid processes not united with each 
other but are connected directly, or indirectly by the intervention of 
a palatine bone, with the prefrontal region of the skull; vertebral 
colamn generally ossified; mandibular gills abortive. _ 

Gen. Amia, Lepidosteus, Polypterus. 


* “ Journal of Anatomy and Physiology,” vol. xi. 
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If tested by the structure of their upper jaws, the Crossopterygide, 


ide, and the Palewoniscide should be referred to the 
Teleosteoidei, while the Acanthodide would probably belong to the 


 qther sub-order. Nevertheless, the distinctness of the two groups is 


materially lessened by the existence of many annectent fossil forms. 
deipenser and Chondrosteus in the one division and Palwoniscus 

ithe other, partially bridge over the gap which exists between the 
two when the recent forms only are considered. The Placodermi 


and the Cephalaspide must still be referred to as being “incerte 


sedis.” 

A comparison of the skull of Polyodon with the Amphibian skull 
leads to interesting results. Perhaps the most remarkable feature in 
which Polyodon resembles the Anura, is in the possession of a for- 


wardly directed ‘‘orbitar process ” associated with a suspensorium so — 


much inclined backwards that the gape is extended even beyund the 
posterior limits of the skull. 

The condition of the “‘orbitar process,” as an eum function- 
less rudiment in Polyodon, does not throw any light on its primitive 
oigin, but its position and relations in the adult Lamprey, and its 


wansitory condition in the embryo Anura, suggest that originally it 


may have acted as an anterior suspensor to the much inclined 
mandibular pier of animals possessing a suctorial mouth, prior 
to the adaptation of the pterygo-quadrate arcade to that purpose. 
These facts, together with the rotation of the quadrate cartilage, which 
we may infer to have taken place from the direction and relations of 
the “orbitar process,” are indications of the existence of a close 
parallelism between the developmental history of the cranium in the 
embryo Polyodon, and in such otherwise dissimilar Anurous Amphibia 
4% Dactylethra capensis, Bufo ornatus, and Rana temporaria. The 
fenestration of the roof of the periotic capsule which exists in 
Polyodon seems to correspond to the primitive auditory involution 
which persists in Siren lacertina, and, as in the latter, it is situated to 
the outer side of the arch of the posterior vertical semicircular canal, 
aud not to its inner or mesial side as is the case with the Selachians. 
The co-existence in Polyodon of so remarkable a combination of 
Amphibian and Selachian features suggests an enquiry into the 
bhylogenetic relationship of the Ganoids, the Amphibia, and the 
obranchs, or, in other words, suggests the question, is the 
aeestral stem of the Ganoidei more closely related to that of the 
Amphibia, or to that of the Elasmobranchs? An analysis of the 
‘ructural features common to any two of these primary groups seems 
to ‘firm the monophyletic origin of the two first-mentioned. On 
Assumption the relation of the three groups may be roughly and 
ively expressed as follows :— 
seems not improbable that a primitive ancestral stock («) very 
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early differentiated into the two groups of Apneumatoccela and Phen. 
matoccela, the former being the root-stock of the modern Elasmo. 
branchii, while the latter, by acquiring rudimentary and more or less 
functional lungs, became the primitive double-breathers from which 
have been derived the Ganoidei and the Amphibia. From the primi- 
tive Ganoidei were derived the Teleosteoid Ganoids and eventually the 
Teleostei also, their originally complex swim-bladders becoming gradn- 
ally devoted to other functions, while the Selachoidei may be regarded 
as the but little modified descendants of the original progenitors of the 
order. The close.correspondence that exists between Polyodon and the 
Selachii is not incompatible with these views, but may be the result of 
the persistence in both of structures originally possessed by their 
primitive ancestor. Two facts in the cranial anatomy of Polyodon 
are not easy to explain, viz., the formation of the upper jaw and the 
existence of the “orbitar process.” The union of the pterygoid pro- 
cesses in a median symphysis may have been the primitive condition of 
the jaws in the ancestral form (2), but that while persistent in 
Polyodon and in the Selachii, it was superseded by a different arrange- 
ment, viz., the union of the pterygoid processes with retral palatine 
outgrowths in most Ganoidei, and in all Teleostei and Amphibia 
Neither is it easy to account for the retention of the “ orbitar process.” 
It may have been an adaptive modification correlated with a suctorial 
mouth in the larval or adult forms of those Ganoids that were first 
differentiated from the Amphibian stem, and independently developed ; 
or it may have been possessed by, and similarly functioned im, the 
primitive Pneumatoccela, but has become obsolete in all their descen- 
dants, except Polyodon and the Anura. Thus it would appear that the 
Polyodontide constitute a remarkably central group. They retain not 
a few of the characters which we may assume to have belonged to the 
primitive stock out of which were evolved the three most important 
groups of Ichthyopsida, combined, however, with a certain amount of 
specialization ; nor are oad altogether without indications of retro- 
gression. 


V. “On Astrophiura permira, an Echinoderm-form intermediate 
between Ophiuroidea and Asteroidea.” By W. PuRcY 
SLADEN, F.L.S., F.G.S. Communicated by Professor 
DUNCAN, F.R.S. Received June 18, 1878. 


( Abstract. ) 


The following peculiarities of structure presented by the anatomy 
of the echinoderm above described are noteworthy :— 

1. The combination of ophiuroid disk- and arm-structure within 
pentagonal asteroid form of body. 
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9 The asteroid character of the ambulacral system: the divisional 

plates not only being homologous with, but resembling in the manner of 
their disposition the ambulacral plates of Asteroidea; at the same time 
fwnishing a highly suggestive representation of their phylogenetic 
development. | | 

% The rudimentary structure of the mouth-armature, more aste- 
wid than ophiuroid in general facies. Absence of teeth, jaw-plates, 
and jaws. 

4, Extension of the peritoneal cavity to the extremity of the func- 
tional portion of the rays, that is to say, to the margin of the pen- 
agonal body. 

5. The extremely rudimentary condition and aborted character of 
that portion of the brachial series which is prolonged beyond the body- 
disk. 

6. The continuity of the tentacular pore-system limited to the disk 
only. 

The above characters are ciearly sufficient to stamp the peculiarity 
af this extraordinary echinoderm, and, whilst excluding it from any 
known group of genera by their remarkable nature and by the aber- 
rant departure they present from all previous types, are such as would 
xem to necessitate the relegation of the form to a family apart by 
To speak definitely as to the exact position of intermediacy which 
the organism holds between the Asteroidea and Ophiuroidea would 
obviously be premature, without a more detailed examination of the 
internal anatomy than the present specimen in its dry condition will 
permit, as well as some knowledge of the life-history of the form. It 
may however be safely affirmed without overstepping the bounds of 
due caution, that Astrophiura bridges further over, from the ophiuroid 
ade, the differences which have separated the two orders, than any 
previously described starfish or brittle-star. 


VL “Experimental Researches on the Temperature of the 
Head.” Part II, III, 1V. By J.S. Lomparp, M.D., formerly 
Assistant Professor of Physiology in Harvard University, 
US. Communicated by H. CHartron Bastian, M.D., 
F.R.S., Professor of Pathological Anatomy in University 
College, London. Received June 18, 1878. 


(Abstract.) . 


Part I1.—Ezamination of the Middle Region of the Head. 


This region is divided on each side into 7 tiers by 6 equidistant 


drawn parallel to the longitudinal median live. ‘The tiers are 
VOL. XXVII, 
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numbered from 1 to 7 from below upwards. There are 5 districts in 
each lateral half, formed by 4 equidistant lines drawn parallel to the 
anterior and posterior boundaries.* The districts are numbered from 
1 to 5 from the anterior boundary backward. Each tier measures 
vertically on the anterior boundary line 22°78 mm. (0°89 inch), and 
each district measures horizontally on the median line 16°6 mm. (0:65 
inch). The ear cuts off the greater portion of the 3rd district, the 
whole of the 4th district, and a little of the 5th district—all in the 1s¢ 
tier. The following are the principal results of the examination of 


the middle region :— | 
lst. Comparison of symmetrically situated spaces of the two sides 


of the head, 100 observations on each pair of spaces. 

_ As in the case of the anterior region, every space may be higher in 
temperature on the right side or on the left side in turn. The follow. 
ing is the distribution of temperature in the majority of cases :— 


| In favour of . 
Left side. Right side. 
Districts. | Districts. 
Ist Tier—lst, | 2nd, 3rd, 5th. 
2nd ,, —0, : Ist, 2nd, 3rd, 4th, 5th. 
ord ,, —0, Ist, 2nd, 3rd, 4th, 5th. 
4th ,, —2nd, 3rd, 4th, 5th, (ie 
Sth ,, —2nd, 8rd, 4th, 5th, a 
6th ,, —2nd, 3rd, 4th, 5th, Ist. 
7th ,, —2nd, 3rd, 4th, 5th, lst. 


Thus in 34 spaces a side compared, the temperature is higher on 
each side in 17 spaces. Taking the total number of observations, 
3,400, and deducting 107 cases of equality of temperature, the follow- 
ing are the percentages of times of occurrence of relative superiority 
of temperature for the right and ieft sides respectively :— 


Right side,—49°711. Left side,—50°289. 


The following are the spaces in which equality of. temperature 1s 
most generally found :— 


Ist Tier. 4th Tier. 5th Tier. 


Districts—I1st, 2nd, 3rd. 2nd, 8rd, 4th, 5th. 2nd, 3rd, 4th, 5th. — 
6th Tier. | 7th Tier. | 
Districts—2nd, 4th. Ist, 2nd. 


The following are the percentages of superiority of temperature 
the right side, on the left side, and of equality of temperature,—in the 
total number of observations :—_ 

Right side—48°147 per cent. Left side—48°706 per cent. - 
Equality—3-147 per cent. 
* For the boundaries of the different regions, see Abstract, Part I. 
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Quantitative comparisons of the two sides. 


The following i is a summary of the mean results of 100 — | 
of each pair of symmetrically situated spaces. 
| ‘The mean difference of temperature is very unequal on the two sides 
of the head; thus the mean difference for the 17 spaces, which 
} gre, on an average, higher in temperature on the right side than on the 
left, is 0°0589° C. (0°106° F.); while the mean difference for the 17 
which are of higher temperature on the left side than on _ 
the right, is 0°1103° ©. (0°198° F.) The smallest differences noted 
are in the 4th district, 2nd tier, and 5th district, 2nd and 3rd tiers, all 
right side, and 5th district, 5th tier, left side; the difference in each ‘ 
ease being 0°016° C. (0°028° F.) The greatest difference noted is in the ee 
{rd district, 5th tier, left side, namely, 0°264° C. (0°475° F.) The @ 
extreme range of difference of temperature is therefore 0°248° C. 
(0-446° F.) The mean difference of temperature of all the observa- a 
tions taken together, irrespective of sides, is 0°087° C. (0°152° F.) bs 
2nd—Comparison of spaces situated on one and the same side of the 
| Head. 


(a.) Comparison of spaces situated in the same district of two 
adjoining tiers—50 observations on each pair of spaces. 


«Left side. Right side. 
Ist tier, higher in temperature than 2nd tier, | | 1 
by 01206° C. (0°217° F.).. 0'1098° C. (0°196° F.) 


2nd tier, higher in than Ist tier, 
in 5th district, by 0°264° C. (0°475° F.).. 0°082° C. (0°147° F.) i 
2nd tier, higher in temperature than 3rd tier, | 
by 0°158° (0°284° F.) .. 0:144° C. (0°259° F.) 
drd tier, higher in temperature iin Ath tior, | : | 
by 0°107° C. (0° 0°176° C. (0°316° F.) 
th tier, higher i in temperature than bth tier, . 
by 0:255° C. (0 C. (0°396° F.) 
th tier, higher in temperature than 4th ses. 
in 2nd district, both sides, and in 3rd dis- . | 
trict, left side, by 0°135° C. (0°244° F.) .. 0°074° C. (0°133° F.) 
ith tier, higher in temperature than 6th a 
by 0-244° ©. (0:489° F.) . 0:227° C. (0408 F.) 
6th tier, higher in ‘5th | 
in 4th and 5th districts, by 0°193° C. 
bth tier, higher i in temperature than 7th tier, | 
by 0'106° C. (019° F.)_.. ee 0°103° C. (0°185° F.) 


(0.) Comparison of spaces situated in two adjoining districts of the 
‘ame tier—5Q observations on each pair of spaces, 
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Left side. | Right side. 
Ist district, higher in temperature than 2nd | 
district, by 0°107° C. (0°192° F.) .. 0°127° C. (0:228° 
2nd district, higher in temperature than Ist 
district, in 5th tier, by 0°148° C. (0°266° F.) 0° 
2nd district, higher in temperature than 3rd 
district, by 0°147° C. (0°264° F.) .. 0°216° C. (0:388° F.) 
3rd district, higher in temperature than 4th 
district, by 0°124° C. (0°228° F.) .. O-115° C. (0:207° F.) 
Ath district, higher in temperature than 5th : 
district, by 0°119° C. (0:214° F.) .. 0°079° C. (0°142° F.) 


Part of the Postervor Region of the Head. 


The posterior region is divided, on each side, into 6 tiers by 5 equi- 
distant lines, drawn horizontally from the median line to the lateral 
limit. The tiers are numbered from 1 to 6 from below upward. There 
are 5 districts in each lateral half, formed by 4 equidistant lines drawn 
_ parallel to the median line. The districts are numbered from 1 to 5 
from the median line outward. On the median line each tier measures, 
vertically, 21°33 mm. (0°83 inch). On a horizontal line, passing 
through the occipital protuberance, each district measures, horizontally, 
21 mm. (0°82 inch). As in the case of the anterior region, the Sth tier 
wants the 5th district, and both the 4th and 5th districts are absent 
in the 6th tier. The following are the principal results of the exami- 

nation of the posterior region :— | | 

lst. Comparison of symmetrically situated spaces of the two sides of 
the head—100 observations on each pair of spaces. 

As in the case of the two preceding regions, every space in the 
posterior region may, in turn, be of higher temperature on the right 
side or on the left side. The following is the distribution of tempera- 
ture in the majority of cases :— | | ) 

| In favour of 


Left side. Right side. 
Districts. | Districts. 
Ist Tier—Ist. Ist Tier—2nd, 3rd, 4th, 5th. 
2nd ,, —lIst. Ond ,, —2nd, 3rd, 4th, 5th. 
,, —Ist, 2nd. ,, 4th, 5th. 


4th ,, —Ist, 2nd, 3rd, 4th 5th. 

5th ,, —lIst, 2nd, 3rd; 4th. 

6th ,, —Ilst, 2nd, 3rd. 

Thus, in 27 spaces a side compared, the temperature is higher 0 
the left side in 16 spaces, and on:the right side in 11 spaces. Taking 
the total number of observations, 2,700, and deducting 80 cases of 
equality of temperature, the following are the percentages of times of 
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occurrence of relative superiority of temperature for the right and left 
sides, respectively: Ri ght side, 45°458. Left side, 54°542. The fol- 
lowing are the spaces in which equality of temperature is most com- 
monly found :— 


Ist Tier. Ond Tier.. 3rd.Tier. Ath Tier. 
Districts—Ist, 2nd. Ist, 2nd. 2nd, 3rd, 4th. 2nd, 3rd, 4th, Sth. 


The following are.the percentages of superiority of temperature on 
the right side, on the left side, and of equality of — in = 
total number of observations :— 

Right side—44'112 per cent. Left side—52‘926 per cent. 
Kquality—2°962. 


{ Quantitative comparisons of the two sides. 


The following i is a Summary of the mean results of 100 comparisons 
of each pair of symmetrically situated spaces. 

There is a marked difference in the’ values representing the mean 
differences of temperature in favour of the right and left sides 
respectively; thus, the mean difference of temperature for the 11 
spaces which are, as & rule, in favour of the right side, is 0°186° C. | 
(0'334° F.); while the mean difference of temperature of the 16 
spaces which are generally in favour of the left side, is 0°066° C. 
(0'118° F.). The greatest difference noted is in the 4th district, 3rd 
tidr, right side, namely, 0°386° ©. (0°694° F.) The smallest 
difference noted is in the 2nd district, 4th tier, left side, namely, 
v008° C. (0°0144° F.) The extreme range of difference of tempera- 
ture is 0°378° C. (0°68° F.) The mean difference of temperature of all 
the observations taken together; irrespective of sides, is 0°115° C. 
(9'207° F.) 


2nd.—Comparison of spaces situated on one and the same side of the 
Head. 


(a.) Comparison of spaces situated in the same district of adjoming 
tiers—50 observations on each pair of spaces. 


Left side. | side. 
lst tier, higher in temperature than 2nd:tier, - 
by 0:112° F.)..... 0-108° ©. (0-185° F.) 
Qnd tier, higher in temperature than 1st tier, | 
in 4th and 5th districts, by 0°062° C. 
111° F.) . 0:0725° C. (013° F.) 
ond tier, in then 8rd tier, 
0:204° C. (0°368° F.) .. 0:157° C. (0°282°. F.) 
4th tier, higher in temperature 3rd 
by 0°302° C.'(0°543° F.) 45° C. (0°621° F.) 
tier, higher in temperature than 4th tier 
In 8rd and 5th districts, by 0 -0°085° C. (0°153° F.) 
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| Left side. 
Ath tier, higher in temperature than 5th tier, 
by 0°261° C. (0°47° F.) 
5th tier, higher in temperature than 6th tier, 
by 0°086° C. (0°155° F.) .. 


[June 20, 
Right side, 


0°284° ©. (0'512° F) 


0-185° C. (0:243° 


(b.) Comparison of spaces situated in two adjoining districts of the 
game tier—9590 observations on each pair of spaces. 


Left side. 

1st district, higher in temperature than 2nd 
district, in lst, 2nd, and 3rd tiers, left side, 
and in 3rd and 6th tiers, right side, by 
0:072° C. (0°129° F.) 

Remainder of 2nd district, higher in tempers: 
ture than remainder of lst district, by 
0:065° C. F.) 

2nd district, higher in temperature than 3rd 
district, in 3rd tier, left side, and in 4th, 


5th, and 6th tiers, both sides, by 0°162° C. 


F.) . 

Remainder of 3rd district, higher i in 
ture than remainder of 2nd district, by 
0°035° C. (0:063" F.) 

3rd district, higher in temperature pam Ath 
district, in lst and 3rd. tiers, both sides, 
and in 2nd and Sth tiers, left side, by 
0°112° C. (0°201° F.) 

Remainder of 4th district higher in ‘nee. 
ture than remainder of 3rd district, by 
0-084" C. (0° 151° F.) 

4th district, higher in temperature than th 
district, by 0°113° C. (0°203° F.) . o. 

Sth district, higher in temperature tae 4th 
district, in 311 tier, left side, by 0°125° C. 
(0°225° F.) .. 


Right side, 


0-065° C. (0'117° 


0-076° C. (0°136° F.) 


C. (0°36° F.) 


0°141° C. (0-248° F.) 


0-043° C. (0:077° F.) 


0:047° C. (0°084° F.) 


014° C. (0°252° F.) 


0: 


Part IV.—On the effect of intellectual and emotional activity on the 
temperature of the Head. 


(a.) Intellectual work. 


The following is a summary of the principal results :— 
1st. Intellectual work causes a rise. of temperature in all three 


regions of the head. 


2nd. The rapidity and degree of this rise is different in the different 


regions, 


8rd. Different kinds of. work in one and the same person, produce 
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devations of temperature differing from each other both in rapidity of 
appearance and degree. 


4th. The kind of work which affects one region in the greatest 
degree affects all three regions most. 

The anterior region shows, as a rule, both the most rapid and the 
highest rise of temperature. The middle region comes next and the 
posterior last. A notable exception to the above order is found, how- 


ever, in the lst district (and sometimes the 2nd district) of the 3rd, © 


4th, and 5th tiers of the middle region. In these spaces, the middle 
region often shows a greater rise of temperature than that exhibited 
by a considerable part of the anterior region. The average rise of 
temperature for each region is as follows:—Anterior region, 
0'02625° C. (0°04725° F.) Middle region, 0°02062° C. (0°03711° F.) 
Posterior region, 0°01743° C. (0°03137° F.) 

5th. Intellectual work, as a rule, causes a greater rise of tempera- 
ture on the left side of the head than on the right side: but in a 
certain number of cases the rise is either greater on the right side or 
is equal on the two sides. The following are the average percentages 
of times of occurrence of greater rise of temperature on the left side 
and on the right side, and of equal rise on the two sides, together with 
the mean difference of rise in favour of each side :— 


Anterior Region. 
Left side. «Right side. Equality. 
Average percentage of \ 15°625 


cases in favour of.. 
Average difference 0:00606° C. .. 0°00295° C. 
Mise of temperature (0°0109° F.) .. (0°00531° F.) 


. Middle Region. 
| . Left side. Right side. Equality. 
cases in favour of.. 


Average difference 0:00496° C. .. 0:00225° C, 
rise of temperature f (0-00892° F.) .. (0°0045° F.) 


Posterior Region. 
Left side. Right side. Equality. 


cases in favour of.. | | 


Average difference of 0°00231° C. .. 0:00162°C. 

rise of temperature } (0:00415° F.) .. (0°00291° F.) 

In some individuals, after severe and prolonged work, or after work 
of an exciting character, not very prolonged, the rise of temperature 
on the left side of the head may be sufficient to cause almost the 
whole of the anterior region to be of higher temperature on this side. 
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Alterations in the same direction, but less common and less marked, 
may also occur in the middle and posterior regions. 


(b.) Emotional Activity. 


The following results have been obtained by the recitation of poetry 
or prose of an emotional character :— 
Ist. Emotional activity, of the kind specified, causes a rise of tem- 


perature in all three regions; this rise is, moreover, more rapid and of — 


greater degree than that seen in intellectual work. 
2nd. Less difference exists between different regions in the rapidity 
and degree of rise of temperature in emotional activity than in intel- 


lectual work ; but the order of the regions, as regards their compara. 


tive degrees of rise of temperature, is usually the same in the two 
cases. The average rise of temperature for each region is as follows :— 
Anterior region, 0°036° C. (0°0648° F.); middle region, 0°0345° C. 
(0°0621° F.); posterior region, 0°033° C. (0°0594° F.) Recitation to 
oneself produces, as a rule, a greater effect than recitation aloud. 
This result is in accordance with physical laws, a portion of the heat 
produced being, in recitation aloud, consumed in exterior work. 


3rd. In emotional activity, as in intellectual work, the left side of — 


the head is generally more affected than the right side. The average 
percentages of times of occurrence of greater rise of temperature on 
the left side and on the right side, and of equal rise on the two sides, 
together with the mean difference of rise in favour of each side, are as 
follow :— .. 


Anterior Region. 


‘Left side. Right side. Equality. 


Average percentage of } 
cases in favour of.. 
Average difference 0-0075° C. 0:00573° C. 


rise of temperature (0:Q135° F.) (0°010385° F.) 
Middle Region. 
Left side. Right side. Equality. 


Average percentage of 90 17°5 
cases in favour of.. | = 

Average difference of) 0°00562° C. .. 0°00462° C. 
rise in temperature (0°0116° F.) F.) 


-Posterior Region. 


Left side. Right side. Equality. 


cases in favour of .. 
Average difference of } 0:00437° C. .. 0°00387° C. 
rise of temperature J (0°00786° F.) .. (0°00696° F.) 
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Emotional activity, of the kind we have been considering, often 
extends very decidedly the tract of superior temperature on the left 
side of all three regions. 


The effect of anger, in a moderate degree, after the intensity of | 


passion has subsided, has been usually to increase the extent of the 
tract of superior temperature on the left side, in all three regions. 
Vexation and mental irritability cause a rise of temperature, most 
marked in the anterior region and in the anterior spaces of the middle 
region; the left side is most affected. 


VIL. “Note on the Effect of various Substances in Destroying 
the Activity of Cobra Poison.” By T. LAUDER BRUNTON, 
M.D., F.R.S., and Sir JOSEPH Fayre, K.C.S. L., M.D., F.R.S. 
Received June 20, 1878. 


Ina paper, read some time ago before this Saciibe by Mr. Pedler, 
he mentioned his discovery of the fact that the activity of cobra 
poison was completely destroyed by admixture with perchloride of 
platinum. This substance, however, could only be regarded as a 
chemical and not as a physiological antidote to the poison, inasmuch 
«3 it had no power to modify or prevent the action of the venom after 
is absorption into the blood. Mr. Pedler expressed his opinion that 
the proper method of pursuing the investigation was to investigate 
separately the action of platinum salts and ‘of cobra poison upon the 
animal body. : In the discussion which followed we stated that the 
method proposed by Mr. Pedler was in the present instance not likely 
tolead to any results, and that as the action of the substance em- 
ployed by him was in all probability due to its simply forming an 
insoluble compound with the cobra poison and not to any action of 
the platinum per se, certain other metallic salts would have a similar 
ution to the perchloride of platinum. Experiments have confirmed 


the opinion we then expressed,* and we find the action of chloride of — 
gold is precisely similar to that of perchloride of platinum, the cobra . 


venom being rendered entirely inert by admixture with the gold salt 
before its injection into the body. Chloride of gold, however, like 
perchloride of platinum, is merely a chemical antidote, and does not 
modify the action of the venom after its absorption into the circulation. 
P ‘mmanganate of potash, which has been recommended as an anti- 
tote, also destroys its activity completely. Chloride of zinc, chloride 
of mercury, nitrate of silver, and carbolic acid all diminish the 
utivity of the poison, and prolong life when mixed with it before 


fs injection; but they do not prevent death, nor do they pro- 


long life to any great extent. _ Perchloride of iron has very much 


* The Poison of the Cobra, by A. W. mph. M.R.C.S. “The Analyst,” 28th 
February, 1877, p. 204. 
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less action upon the poison than one would expect, and it prolon 
life to a very slight extent. Liqaor potasse impairs the activity 
of the poison very considerably, and prolongs life for several honrs. 


When a large dose of cobra poison is injected, none of these gnb. 


stances prevent death even when applied immediately to the wound. 
The reason of this probably is that they do not come into such perfect 


contact with the poison as to destroy the whole of it, and the portion | 


which escapes destruction is sufficient to kill. It is possible, however, 
that when minimum doses only are injected, the local application of one 
or other substance may turn the balance between life and death, but 
this point we must reserve for a future paper. 

Our first experiment was made in order to compare the action of 
chloride of platinum alone with that of cobra poison alone, and of 
chloride of platinum injected after cobra poison. 


Experiment I. 


February 25th, 1878. A cat weighing 4 lbs. had about 1 cub. centim. 
of the chloride of platinum solution of the British Pharmacopeia 
injected into its flank. | 

3.44 p.m. Injection completed. 

3.55 ,, No apparent effect. The cat well and playful. 

_ No symptoms whatever were observed, but after some days a slough 
formed at the point of injection. Chloride of platinum thus appears 


to have-no physiological action whatever when injected subcutaneonsly | 


beyond its effect as a local irritant. : | 

In Experiments II and ILI similar, doses of cobra poison were sub- 
cutaneously injected into two cats ; but in Experiment III the injection 
of the poison was followed immediately by the injection of a solution 
of chloride of platinum into the same spot, so as if possible to destroy 
the venom which had not yet been absorbed. In this case death was 
delayed, but not to a very great extent, as it occurred in an hour and 
fifty minutes after the injection of the venom and chloride of platinum, 
and in an hour and two minutes in the animal which received the 
poison alone, 

: Experiment IT. 

Black cat, weight 5 lbs. 
25 mgms. of cobra poison dissolved in 1 cub. centim. of distilled 
- water injected into skin of flank at 3.26 p.m. of 25th February. 


3.28 p.m. Vomiting. It had taken chloroform to keep it quiet whilst 


being weighed, and was recovering from the chloroform. Micturated. 
Drooping head on one side. | 
8.32 p.m. Vomiting again. Looks much depressed. Defecated. 
3.40 ,, Breathingslow. Shallow. : 
3.41 ,, Vomiting again. 
3.45 ,, Twitching of muscles. 
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959 p.m.’ The same state. 

858 , Defecating. Micturating. 

359 , Retching. Vomiting. Moves about in a restless manner. 

46 ,, Moving backwards with staggering gait. 

412 ,, Staggers, and head droops. 

413 ,, Falls over on its side. The reapreon is slow. Reflex 
fom eye and ear almost gone. 

414 p.m. Reflex from head and legs when irritated. None from 
tail. 

415 ,, Attempts to rise. 

418 ,, Got up, but fell over again. Tried to walk. No reflex 
from the head. : | 

4.20 p.aw. Head raised and fell over again. Touching the eye seems 
to rouse the cat, but no reflex of lids. Tries to get up, but cannot. 
Fell over on the opposite side. 

424 p.m. Again a struggle to rise. 

427 ,,. Touching the eye produces no reflex. Breathing very slow. 
Convulsive twitching of limbs. 

4.28 p.m. Apparently dead. Heart still beating one hour and two 
minutes after injection of poison. 

The blood, after death, formed a firm coagulum. 

Intestines much congested. Patch of congestion in stomach. Red 
serum effused into the peritoneal cavity. 

No local symptoms or changes. 

A good deal of food in the stomach, nobwithstanding the vomiting. 
Digestion was in full action. 

In these and other experiments the dose of cobra poison was regu- 
lated according to the weight of the animal, the same proportion per 
pound weight being given in each case. 
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_ Experiment III. 


A grey cat 4 lbs. weight had 20 mgms. of cobra poison, dissolved in a 
me cub. centim. of distilled water, injected pnder skin of flank at a 
339 P.M. of 25th February. 

At 3.40 p.m. a solution of chloride of platinum injected at the same | 
spot. 

3.42 p.m. Very restless. 

343 ,, Drinks water. 

3.52 ,, Vomiting. 

355 ,, Dull and depressed. 

4.10 ,, Same condition. 

4.20 ,, Sluggish. 

430 ,, Restless. Moving about. | 

4.45 Staggers. Getting very sluggish. Walks with difficulty. i 
Head drooping. 
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4.54 P.M. Shivering. Head fallen over. | 

5 P.M. Fallen over. Slow paralysis creeping over limbs. Regpira. 
tion slow. Gets up, rolls over again. On Wachng the eye the eyelid 
moves. Reflex not gone from the ear. 

5.6 p.m. Fallen over. Paralysed. Reflex nearly gone, still slight 
from ear. Pupils dilated. 

5.9 p.M. Convulsions. Pupils become normal again. Respiration 
very slow—thirteen per minute. 

5.20 p.m. Tries to rise. Very feebly. 

5.22 ,, Fallen quite over. | 3 

5.23 ,, Insame condition. Makes feeble efforts to rise. Pupils 
dilated again. 
p.m. Again tries rise. Micturition. 
6.29 ,, Convulsions. 

0.30 ,, Dead. 

No local symptoms, 7.e., no oxtenvesstion about the puncture. No 


congestion of stomach or bowels. Stomach empty. Blood coagulated 
after death. 


_ Injected at 3.39 p.m. 

Died at 5.30 p.m. | 

Death in one hour and fifty-one minutes. 

' The following experiments show the effect of chloride of gold i in 
completely destroying the cobra poison. ) 


Experiment IV. 


March 7th, 1878. Three mgms. of cobra poison, mixed with | 
grain of chloride of gold, dissolved in 40 grain measures of water, 
injected into the hip of a white guinea-pig, weighing 18 oz., at 3.50 P.M. 
4.10 p.m. Crouching quietly in corner of box. Tremor, perhaps 
fright. | 

4°15 p.m. Seems uneasy; crouching in corner. No other change. 
Recovered without any bad symptoms. | 


Experiment V. 


March 14th. In this experiment a very large dose of poison was 
used. | 

30 mgms. of cobra poison, mixed with 11 cub. centims. of a 10 per 
cent. solution of chloride of gold, were injected into a guinea-pig 
weighing 20 oz., at 3.30 P.M. 

75 cub, centims. of water was used, to wash out glass, and then 
injected. The poison and the chloride.form a yellow creamy precip 
tate. 

3.30 P.M. Began to jek and twitch immediately, excited, running 
about the box. — 

3.35 p.m. Crouching in corner, twitching, but not otherwise affected 
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342 p.m. Not apparently affected. 

- 952 ,, Crouching; does not appear affected, but is weak in the 
hind legs when he runs. 

410 p.m. Very little affected ; hind legs weaker, but he is very active . 
otherwise. 

4.20 p.m. Much the same; active, except that hind legs seem rather 
weak. 

4.55 p.m. Remains the same. Recovered perfectly without any 
further symptoms. 

In order to make sure that the dose of cobra poison would certainly 
prove fatal if administered alone, the animal, after its recovery, was 
injected with a quantity of pure cobra poison, fifteen times less than 
that from which it had recovered, and, as will-be seen from Experi- _ 
ment VI, death rapidly occurred. | 


Vi 


March 14th. White guinea-pig that recovered from 30 mgms. of 
cobra poison, mixed with chloride of gold. 

At 4.45 p.m., 2 mgms. of cobra poison were injected into the hip. 

4.50 p.m. Very restless; scratching his skin. 

4.52 ,. Twitching; very restless. 

4.59 ,, Squeaking; very restless. 

5.10 ,, Injected leg weak; not so restless. | 

5.15 ,, Trying to vomit; twitching movement of head, jerking 
upwards; violent efforts to vomit; a sort of cough; flows from nos- 
trls and mouth; getting gradually paralysed, he still crawls; nearly 
violent efforts to vomit. 

0.24 P.M. The animal creeps along, putting his head along the 
ground. 

5.26 p.m. Apparently dead; heart still 

At 4.45 p.m. the injection was made, and at 5.26 p.m. the animal was 
dead. Death in 41 minutes. 

Experiment VII shows that chloride of gold is a chemical, and not 
a physiological antidote, and does not prevent the action of the poison 
after its absorption. 


Experiment Vil. 


4 ae 14th. Guinea-pig, weight 16 oz. 

5mgms. of cobra poison dissolved in 1 cub. centim. of water, and 
injected into the right hip at 3.39 p.m. 

--In3 minutes afterwards 11 cub. centims. of a 10 per cent. solution 
: chloride of gold were injected into another spot (the left hip, at 

42). 

3.43 p.m. Very restless. 

3.45 ,, Very restless; head twitching; ; drops the left leg.. 
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3.53 P.M. Restless. 

3.55 ,, Weak, dropping both hind legs; left appears quite pa. 
ralysed. 

4.5 ,, Getting weaker; paralysis creeping over him. 

4.10 ,, Barely moves; hind quarters completely paralysed. 

4.12 ,, Convulsions. 

4.19 ,, Heart still beats feebly. 

4.20 ,, Dead. 

Experiment VIII shows that permanganate of potash destroys the 
action of the venom. 


Experiment VIII. 


5 mgms. of poison were dissolved in 1 cub. centim. of water, 
and mixed with 1 cub. centim. of liquor potasse permanganatis of 
the British Pharmacopoeia, and injected under the skin of a guinea. 
pig. No symptoms were produced, and the animal remained quite 
unaffected. 


Experiment IX. 


Two rabbits of the same litter, each weighing exactly 2 lbs. were 
taken. 5 centigrammes of cobra poison dissolved in i cub. cen- 
tim. of distilled water, were mixed with 1 cub. centim. of liquor 
potasse permanganatis (B.P.), and allowed to stand for abont 8 
minutes. The mixture was then injected under the skin of the flank 
of one rabbit. No symptoms whatever were produced, and the 
animal though kept under observation for some weeks remained quite 
unaffected by the poison. 5 mgms. of cobra poison, dissolved in 
2 cub. centims. of water, were injected into the other rabbit at the 
same time. During the injection a little of the poison was lost, so 
that the animal did not receive the full dose, yet it died in 50 minutes. 

Chloride of zinc delays the action of the cobra poison, but does not 
prevent it, as appears from Experiments X and XI, in which a guinea- 
pig that had received 3 mgms. of pure cobra poison (Experiment X) died 
in 45 minutes, whereas one that had received a similar dose, previously 
mixed with chloride of zinc, lived for about 3 hours. Experiment XI. 


Experiment X. 


March Ist, 1878. 3 mgms. of cobra’ poison, dissolved in 2 cub. cen- 
tims. of distilled water, injected at 3.43 p.m. into a guinea-pig’s hip. 
Weight of guinea-pig 20 oz. 

3°46 p.m. Twitching. 

3.50 ,, Restless twitching. 

8.53 ,, The same. Irritable; squeals; quarrels with the other — 
guinea-pigs ; respiration jerky. 
4pm. The same. 

4.5 P.M. Drags the injected leg, which is nearly paralysed. 

4.15 p.m. Much the same. 
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419 p.m. Paralysed, and crawls with difficulty; all hind quarters 
invaded by poison’s influence. 

421 p.m. Paralysis extending; struggles to rise; can only move the 
head. Reflex from eye diminished. | 

495 p.m. Convulsive movements. 

428 ,, Dead in 45 minutes. Heart continued to beat after appa- 
rent death. 
| Experiment XI. 

Red guinea-pig, weight 16 oz. At 3.46 p.m., lst March, 3 mgms. 
of cobra poison, dissolved in 2 cub. centims. of distilled water and 
mixed with ‘01067 chloride of zinc, were injected subcutaneously. The 
poison and the chloride were mixed 5 minutes before injection. 

5.53 P.M. Guinea-pig restless; twitching; grunting; keeps licking 
the puncture ; irritable with other guinea-pigs. 

4pm. Very restless. Puncture seems irritable; leg partially pa- 
ralysed.. | 

4.15 p.m. Much the same. 

429 ,, Much the same. 

435 ,, Not quite so restless. 

445 ,, Active; runs about. 

445 ,, Restless; not worse. 

3 Seems pretty well now. 

Died 7 o'clock. 

Liquor potasse impairs the activity of the poison, bat does not 
destroy it, as will be seen from Experiment XII, in which the dose of 
the poison, which had usually proved fatal considerably within an 
hour, did not cause death until 8 hours had elapsed. 


i Experiment XII. 


March 14th. Guinea-pig, w weight 16 oz. 

dmgms. of cobra poison dissolved in 1 cub. centim. alee mixed 
with 1 cub. centim. of liquor potasse injected into hip at 3.52 p.m. 

3.53 P.M. Twitching. 

40 ,, Leg paralysed. 

4.20 ,, It seems much the same. 

435 ,, Appears much the same. 

4.55 ,, Appears much the same. 

,, Much the same. 

At 11.30 it was lying with left hind leg paralysed, could walk when 
tritated, month opened, head twitching back frequently. 
| 11.45 pv. its respiration ceased, but when the skin of the belly was 
pinched the animal took a breath and respiration continued for about 
aminute afterwards. The heart continued to beat until 11.50. 

Liquor ferri perchloridi fortior (B.P.), has much less action upon 
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the cobra poison than one would have expected, as will be seen from 
Experiment XIII, in which death occurred in an hour and a half, 


Experiment XIII. 


March Lath. Guinea-pig, weight 16 oz. ie | 

5 mgms. cobra poison dissolved in 1 cub. centim. water mixed 
with 1 cub. centim. of liquor ferri perchloridi fortior (B.P.) injected 
into the left hip of the guinea-pig at 4.4 p.m. 

4.20 p.m. Dropped the hind leg, but otherwise seems active and well. 

4.35 ,, Very active, but leg drops. 
5.10 ,, Hind leg paralysed. 

5.15 ,, Tries to crawl, cannot, — convulsed. 

5.16 ,, Jerking convulsions. 

5.17 ,, Almost dead. 

5.18 Dead. 

Carbolic acid likewise delays the action of the poison, but to a very 


much smaller extent than liquor potasse, as is proved by Experiment 
XIV. 


Experiment XIV. 


March 14th. Carbolic acid, one-third of a cub. centim. mixed with 
a) mgms. of cobra poison in 1 cub. centim. of water, injected into hip of 
a guinea-pig weighing 14 0z., at 4.55 P.M. 

5.55 P.M. Much the same. 

7.50 ,, Very slight convulsions, 

7.55 ,, Much the same. 

8.0  ,, Dead. 

Experiment XV. 

March 7th. 3 mgms. cobra poison mixed with 1 grain of nitrate of 
silver dissolved in 40 grains of water, injected into sa of black guinea- 
pig, weighing 14 0z., at 3 P.M. 

4.10 P.M. witching | ; crouching in corner, crying out slightly, as 
guinea-pigs are wont to do when restless. 

4.15 p.m. Restless, crouched in corner of box, twitching of muscles, 
cries as before. 

4.25 p.M. Restless, crying fretfully. 

Died in about one and a half hours afterwards, about two hours 
after the injection of the poison. 


Experiment XVI. 
March 7th. 3 mgms. of cobra poison mixed with 10 grain measures 
of a saturated solution of chloride of mercury (corrosive sublimate), 


injected into hip of guinea-pig (black and white), weighing 14 0., 
at 3.56 P.M. 


4.10 p.m. Twitching, uneasy, tremors. 
_ 415 ,, Quiet, crouching in the corner. 
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494 p.m. Restless, but does not seem to twitch; cries like the other 

inea-pigs occasionally. | 

About 6 the animal lay quiet with occasional twitches, and about 
6.30 it died. 

In order to ascertain which substance would be most likely to save 
i the life of the animal by local application to the point of injection, 
d either by destroying the poison itself, or by preventing its absorption 

by the tissues, we applied chloride of gold, permanganate of potash, 
chloride of platinum, and carbolic acid locally, the method adopted 
being to. inject the poison under the skin of the leg, immediately 
afterwards to apply a ligature tightly above that point, and then to 
make an incision and apply the substance in just the same manner as ~ 
we would have done if the animal had actually been bitten. From 
the following experiments, however, it will be seen that the absorption 
of the poison is so rapid that all local applications were useless. It 
should be noted that the quantity of poison we employed was large, 
; and it still remains to be seen whether these local applications may | 
tum the balance between life and death when the quantity of the 
poison would be just sufficient to kill in case of no remedy being 
applied. 
Experiment XVII. 
Guinea-pig weighing 1 lb. 
4271 p.m. Injected 2 grs. 9 centigrammes of cobra poison into thigh, 
lesture applied immediately. 
4.291 p.w. Solution of chloride of platinum applied. 
431. Twitching violently. 
433 ,, Twitching violently ; ligature remains on limb. 
, 440 ,, Not worse; the —"* is evidently delaying the action 
. of the poison. 
447 p.m. Getting weaker. 
450 ,, Convulsed. 
452 ,, Dead. 
Death delayed in this instance. 


Experiment XVIII. 

April 4th, 1878. Guinea-pig weighing 14 lb. 

411’ 10” p.m. Injected 3 centigrammes of cobra poison. 

4.13 p.m. Chloride of gold solution, 1 in 10; ligature kept on until 
chloride of gold was applied. 
4.15 pu. Twitching. 
416 ,, Leg paralysed. 
417 ,, ‘Animal nearly paralysed. 
419, Do. dying. 
420 ,, Convulsions. 
4.22 ., Dead. 
VOL. XVII. 21 
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Experiment XIX. 


April Ath, 1878, Guinea-pig weighing 1} Ib. Injected 4 cont. 
grammes of cobra poison into leg. 

4.1 p.m. Ligature applied immediately. Permanganate of potash 
applied immediately. 

4.5 p.M. Twitching. 

4.10 ,, Dying. 

4.13 ,, Convulsion. 

4.14 ,, Dead. 


_ Experiment XX. 
April 4th, 1878. Guinea-pig weighing 1 lb. 
§.45'20" p.m. Injected gr. = 4 centigrammes of cobra poison under 
skin of leg. A ligature was applied round the leg in one minnte, and 


in five minutes permanganate of potash was ree into an incision | 


made over the site of injection. 
3.02 P.M. Ligature cut. 
3.03 4, violently ; leg 
3.99 
3.57 ,, Dying. 


VII. “ The Life-History of astesiaiis termo and Micrococcus, 
with further Observations on Bacillus.” By J. Cossar 
Ewart, M.D. Edin., University College, London. Com- 


municated by Professor HUXLEY, Sec.R.S. Received June 
20, 1878. 


10. | 


While recently studying the phases through which the now familia 
organism Bacillus anthracis passes, my attention was often directed to 
two still more familiar organisms, Bacterium termo and Micrococcus. 
Frequently from cultivations of Bacillus both rods, spores, and fila 
ments disappeared, and in their place millions of Micrococci and the 
short-jointed rods of B. termo were found.* In the short rods of 
B. termo, which in the struggle for existence overcame the less active 
Bacilli, minute bright particles were often present. These exactly re 
sembled the Micrococci in the field around and between them, and were 
evidently the remains of spores out of which the rods had just been 
developed. The presence of Micrococcus-like spores in the short rods 


* This disappearance of the one and appearance of the others accounts for early 
investigators believing that there was a continuity of development between Bacilli 
and septic organisms. 
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id me to conclude not only that B. termo had a life-history similar to 
hat of Bacillus anthracis, but also that Billroth was probably right in 
wlieving that Micrococci were the spores of ordinary Bacteria. 

[have already proved * that Bacillus anthracis, like B. subtilis, and 
the Bacillus found by Dr. Klein on animals suffering from pneumo- 
enteritis (pig typhoid), is, though rarely, an active organism, the motile 
phase appearing at irregular intervals; that the protoplasm of the long 
flaments into which the rods lengthen divides into segments, which, 
dither at once or after again dividing, condense into spores ; that the 
spores before germinating may divide into sporules, and that the new 
nd is not formed, as stated by Dr. Koch,f out of the gelatinous- 


and pushing out a process from one of its ends, which carries along 
with it the thin capsule, converting it into the sheath of the rod. 
Before attempting to compare the life-history of Bacterium termv 
with what we know of the life-history of Bacillus anthracis, it was 
necessary to have B. termo isolated from all other organisms. After 
many failures, I was fortunate enough to find a cultivation in which 
the rods of B. termo were alone visible. After keeping this cuitivation 
mder observation for some time, others were made by infecting fresh 
drops of humor aqueus, previously placed on absolutely clean covering- 
glasses, with as small a drop of the liquid as possible on the point of a 
needle. The covering-glasses were inverted over “cells” made by 
fixing glass rings to ordinary slides by means of Brunswick black, the 
ells having been carefully washed immediately before use with abso- 
Inte alcohol. A thin layer of olive oil between the edge of the glass 
ting and the covering-glass prevented evaporation and the entrance 
of moisture and solid particles from the surrounding atmosphere. 

In cultivations of B. termo prepared in this way, and kept at a tem- 
perature of 30° C., I made out that, under certain conditions, the rods, 
instead of undergoing fissiparous division, lengthened into filaments, in 
which in due time spores appeared. (Plate 10. Series V,h,7.) The fila- 
ments were shorter than those of B. anthracis, and they never showed any 
tendency to form a network or mycelium. The spores were extremely 
small, bright, almost spherical bodies. In from two to three days after 
their formation the spores escaped from the filaments, and either lay 
wolated near the centre or formed a zoogloea (Series VI, h) at the edge of 


short slender rods. (Series V, b,c.) The young rods did not at once 
lmgthen into another generation of spore-bearing filaments, but, be- 
coming active, they multiplied by transverse fission. (Series V, d, e.) 
The filaments packed full of spores often resembled ‘“ Micrococcus 
' chains,” and only differed from filaments containing spores, which -I 


* “Quart. Journ. Micro. Science,” April, 1878. 
+ ‘“ Beitrage zur Biologie der Pflanzen,” II, 2, 1876. | 
212 


loking envelope, but out of the spore itself—the spore germinating, | 


the cultivation. Having been free for some time, they germinated into. 
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lately found in scum from the surface of sea-water by being motion. 
less. Those in the scum, notwithstanding their length and the number 
of spores in them, were moving freely about the field. 

Having satisfied myself that, under certain conditions, the rods of 
B. termo lengthened into filaments, and that the spores formed in them 
when set free germinated into short rods, I next directed my attention 
to Micrococcus, in order, if possible, to make out whether it was a distinct 


organism, or whether it was simply a phase in the life-history of some 


common Bacterium, e.g., Bacterium termo. .After making numerous 
preparations, I at last succeeded in getting a cultivation in which only 
Micrococci were present. The cultivation was made by adding to a 
drop of humor aqueus from a fresh ox’s eye a minimal quantity of pus 
from a newly opened abscess on the point of a calcined needle. For 
three days there was no indication of organisms, but on the fourth, 
small moving particles were visible, which, when examined with a 
No. XII immersion (Hartnack), were seen to be either round, oval, or 
dumbbell-shaped, and often in groups of two and four. (Series VI, q.) 


A long and careful study proved that the different forms were all | 


phases of the same organism ; the oval forms became dumbbell-shaped, 
and then divided into two round bodies similar to, but smaller than, the 
sporules of Bacillus anthracis. The two round bodies moved actively 
about till they separated from each other, when each became dumbbell. 
shaped and divided as before. Being apparently in a suitable medium 
and at a favourable temperature, they were extremely active and 
increased so rapidly that they soon formed a large milky spot in the 
centre of the cultivation liquid. This cloud, when examined with a 
low power, was seen to dip well down into the fluid, thus correspond- 
ing to the plug of Bacteria found by Professor Tyndall in several of 
his test-tubes.* 

Though kept under observation for ai weeks, not one of the 
round or oval organisms present ever germinated into a rod. During 
the fourth week ‘thoes fresh drops of humor aqueus were infected with 
the smallest possible number of Micrococci from the above preparation; 
also several flasks containing a sterilized turnip infusion. Both in the 
aqueous humour preparations and in the turnip infusion they rapidly 
increased, but none of them germinated into rods. This experiment 
was again repeated with a like result. Hence, having failed to find 
Micrococcus developing into Bacterial rods, it may, in the meantime, 
be inferred that it is a distinct form: or just as Torula may be an 
arrested phase of some Peniciilium-like organism, so may Micrococcus 
be the spore of a Bacterium which has either altogether lost its 
power to germinate, or can only do so under very peculiar conditions. 
That Micrococcus closely resembles Torula will be at once apparent. _ 


* “ Phil. Trans.,”’ 1877. 
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Bfects of Desiccation and of different Temperatures on Bacterium termo 
and Micrococcus. 


If the oil be removed by blotting paper from between the glass ring 
md the covering-glass of a preparation made as above described, or if 
the covering-glass be fractured without being displaced, the cultivation 
liquid rapidly evaporates, and the remains of what a few minutes 
before were active organisms are in great part left adhering to the 
mder surface of the covering-glass. Preparations treated in this way 
nay be either subjected to high or low temperatures ; or, when protected 
bya glass cap, may be left in the ordinary atmosphere. The result of 
desiccation was ascertained by infecting flasks containing sterilized 
wganic infusions. Such flasks infected with rods desiccated at 20° C. 
remain sterile, but flasks infected with desiccated spores soon teem with 
Bacteria, and flasks infected with desiccated Micrococct soon teem with 


| und, oval, and dumbbell-shaped organisms, leading to the conclusion 


that desiccation destroys Bacterial rods; but that, though .continued 
for weeks, it has no influence on spores or Micrococci. If Micrococci 
ad the spores of B. termo are not destroyed by desiccation in a small 
protected atmosphere, it may be further inferred that they retain their 
viability when dried in the ordinary atmosphere, and, being extremely 
small and light, that after they are dry they will float about along 
with other solid particles in disturbed, and settle down in quiet, atmos- 
pheres, without undergoing any change until they find themselves in a 
medium which admits of their growth and development. In all pro- 
bability desiccation destroys the oval and dambbell-shaped forms of 
Micrococcus, the round spore-like forms only retaining their vitality. 
That spores exist in our ordinary atmosphere may be easily proved by 
placing sterile organic infusions in different parts of a building. In 
sch a building as University College a considerable number of 
different organisms may be found. In cold rooms the infusions may 
rmain sterile for a considerable time, but generally a scum soon 
appears on the surface, which, on examination, may contain, besides 


| Bacteria, fangi, monads, and other low forms from both the animal and 


vegetable kingdom. However readily the unprotected rods of Bacteria 
are destroyed when desiccated at a temperature of 30° C., they are not 
destroyed in the substance of a spleen or kidney when the temperature 
sraised to 40° C. ‘Those in the outer part of the dried portion of 
spleen or kidney are destroyed, but those in the centre are protected 
by the hard outer cake, not only because this hard shell tends to keep 


| the heat from them, but especially because it tends to prevent complete 
desiccation. 


Effects of Ebullition. 


= with Dr. Burdon Sanderson,* I have shown that the spores 
# “Quart. Journ. Micro. Science,” April, 1878. 
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of B. anthracis are destroyed when the fluid they are suspended in ig - 
kept for a few minutes at the point of ebullition. The same ig true of 
B. termo and Micrococcus. On the other hand, when they are gnb. 
jected toa tempcrature of 110° C. in a dry state they are not destroyed: 
they are rendered inactive, however, by a temperature of 120°C. The 
_ difference between the effects of moist and dry heat is probably owing 
to the gelatinous capsules of the spores and Micrococci giving way, 
and thus allowing the boiling fluid to come into direct contact with 
the unprotected central protoplasm. | 


Further Observations on Bacillus. 


On the surface of sea water, containing the remains of seaweeds, 
Pedicellinee and skeleton shrimps, brought from Roscoff by Mr. Geddes 
last April, a few patches of scum appeared which, on examination, 
were fonnd to be made up of active and resting Bacilli, exactly 
resembling in size and form Bacillus subtilis. Day by day the small 
pellucid areas increased until the whole surface of the water (about 12. 
centimetres in diameter) was completely covered with a thick opaque 
scum, which, after remaining entire for seven days, gave way in the 
middle, and soon sank to the bottom, remaining there in a torn and 
broken condition. | | | 

The minute spots which first appeared were almost entirely made. 
up of active Bacilli, rapidly multiplying by transverse jission. As the 
patches increased in size, the Bacilli either formed zoogloea, or length- 
ened into filaments. The process of lengthgning was, as compared 
with B. anthracis, when cultivated on the warm stage, a remarkably slow 
one, and often the filaments which with the No. VIII Hartnack were 
apparently 3 or 4 centimetres in length, moved in a languid way amongst 
the active Bacilli. Having increased to about forty times the length 
of the original rod, the protoplasm divided and condensed into spores, 
the steps of the process being similar to those already described in B. 
anthracis.* The spores next escaped from the filaments, and either 
formed zoogloea, or germinated into another generation of rods. This 
increase of the rods by simple division, and by spore formation, con- 
tinued until the whole of the surface of the water was covered by the 
scum. 

On examination, six days after the scum sank to the bottom, an m- 
mense zoogloea was found made up of a relatively small number of 
quiescent rods, embedded in a thick transparent matrix (Series I, j). 
But of especial interest were a considerable number of large and small 
granular masses, made up of minute round particles, the smaller ones 
resembling the “cell families” of Ascococeus,t and the larger onés 


* Loe. cit. 
¢ Cohn, “ Beit. zur Biol. der Pflanzen.” 
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the peach-coloured granular disks figured by Lankester from old eulti- 
vations of Bacterium rubescens, in which “ the nourishment had dwin- 
dled to its very smallest limit.” 

In the zoogloea all the Bacilli were quiescent, and it is important to 
observe that in none of them was there any appearance of division ; 
bot around the edge (Series I, &) some were in active motion, 
whether. entering or leaving the motile stage I do not know. The 
close resemblance of these masses, both in form and in time of 
appearance to the “ macroplasts” of Lankester,* led me to watch 
their development. First, the spore divided into four sporules quite 
as in Bacillus anthracis, but these sporules again divided forming a 
granular mass (Series IV, d, e), division and growth going on simul- 
taneously till a large very finely granular sphere was produced. 
(Series IV, g.) 

When one of the large spheres was broken up, round particles 
(Series IV, 2) spread far and wide over the field. These particles, | 
when placed in a fresh drop of sea water enlarged (Series IV, 7) and 
germinated into rods. (Series IV, j.) 

_ Ifthena single minute spore is thus capable of producing innumer- 
able still more minute germs, and if these, as all experiment tends to 
show, resist desiccation at ordinary temperatures, Professor Huxley’s — 
dictum may unhesitatingly be repeated and endorsed, that, consider- 
ing the lightness of Bacterium germs, and the wide diffusion of the 
organisms which produce them, it is impossible to conceive that they 


should not be suspended in the atmosphere in myriads. 


Morphological Considerations. 


Various investigators, notably Huxley and Lankester, have long 
ago asserted the Protean nature of Bacteria, and the accompanying 


plate (exclusively compiled from actual observation), is an attempt to 


summarise and define what we at present know of the phases 
through which three of these forms, Bacillus, Bacterium, and Micro- 
coccus may pass. Such a diagrammatic representation may be the 
more useful, seeing that at present our knowledge is scattered through 
many papers. 

Series I represents the most common phases through which 
Bacillus may pass. The spore germinates into a rod, this divides, the 
portions, if at rest, either falling apart or forming a jointed filament 
(f). The motile stage may be assumed, during which division also goes 
on (9), zigzag forms being produced which have often been mistaken for 
Vibriones: While division is going on, the development of the cilia is 
often beautifully seen with a high immersion. First, the cellulose 


_ * “Quart. Journ. Micro. Science,” vol. xvii, New Series, p. 27, Plate III. 
+ Loc. cit. 
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wall gives way, and the segments as they separate slowly draw ont 
_a thin viscous thread of protoplasm. One segment generally fixes 
itself to the cover glass, while the other wriggles about in all direc. 
tions, moving and resting by turns, until the almost invisible thread 
gives way in the middle so as to form two cilia. Thus the firgt 
formed motile rods should only have one cilium, and such are occa. 
sionally seen, but are probably soon supplanted by their more active 
biciliate progeny. After being alternately at rest and in motion for 
an indefinite period, they may rise to the surface of the fluid to form a 
zoogloea (j) and after some time again become motile. 

In Series II the spore immediately after germinating develops into 
a long filament or unbranched hypha, which interweaves with others ’ 
to form a mycelium. The protoplasm of the filaments soon contracts 
into rows of ‘‘ chlamydospores” (f) which either escape through the 
cellulose walls, or are set free by the disintegration of the hypha (ijk). 
When once free they may either form a zoogloea (m) or germinate 
immediately. 

In Series III the spore divides into four sporules (e), which, while 
separating, move very energetically. This takes place when the m- 
tritive fluid is becoming exhausted, the sporules not germinating until 
more nourishment is obtainable. If fresh pabulum be not added 
the sporules may continue dividing (Series IV) so as to form large 
finely granular spheres (e fg), compound masses resulting from the 
division of several adjacent spores. These disintegrate, setting free 
numerous small round particles (h) which in suitable media enlarge 
and germinate (/). 

Leaving Bacillus, Series V shows the life-cycle of Bacterium termo. 
The round spore germinates into a short rod (b), which either 
divides into a chain (e), or intoseparate rods, with resting and motile 
stages alternating (f g), while the short rods may lengthen into 
delicate spore-bearing filaments (hi). The thorough correspondence 
of all this with Series I and II of Bacillus is very obvious and 
suggestive. Moreover, these spores (j) exactly resemble the Mucro- 
coccus represented below in Series VI. 

Here the spore-like Micrococcus becomes dumbbell-shaped and 
divides into two (c), which again divide, and so on indefinitely, a pre- 
paration of Micrococci kept for three months having shown no tendency 
to germinate into rods. Resting and motile stages (g), chains (/ ae and 
zoogloea (i) are often observed. 


“EXPLANATION OF THE PLATE. 


Series I—IV. Phases in Life-History of Bacillus. 
| Bacterium termo. 
9 VI. Micrococcus. 
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IX. “On the Life-History of Spirillum.” By Patrick Geppes 
and J. CossaAaR Ewart, M.D. Edin., University College, 


London. Communicated by Professor HUXLEY, Sec. R.S. 
Received June 20, 1878. 


[PuatEs 11, 12.] 


Notwithstanding the numerous and fruitful researches which have 
been recently made into the life-history of Bacteria, our knowledge of 
the common and interesting curved and spiral] forms—the Vibrio* and 
Spirillum of Ehrenberg—has made little or no advance since his time, 
neither embryonic nor reproductive forms having ever been observed ; 
while even the zoogloea phase, so characteristic of Bacteriwm and 
Bacillus, has only once been mentioned,f and then in a different form. 

A fresh-water aquarium, which has been stagnating since last 
summer in the Physiological Laboratory of University College, con- 
tained in winter vast numbers of ordinary motile Spirillum. On 
recently re-examining the water, one zoogloea film after another having 
in the meantime formed on the surface, thickened, broken, and sunk, 
we found that these motile forms had almost disappeared, while the 
films consisted almost entirely of resting Spirillum in a gelatinous- 
looking matrix, similar to that of Bacterium and Bacillus. Among 
these were two or three apparently distinct kinds of filaments, some 
resting and colourless, others motile, and filled with highly refracting 
bright yellowish-brown spheres. Such a field is represented in fig. 1. 


_ The gloea had, even to the naked eye, a brownish tint, which under © 


the microscope was distinctly traceable to the Spirilla, the matrix 
being also faintly tinged. When a fragment was mounted, waiter 
very rapidly revived the perfectly quiescent organisms at the torn 
edges. These, after some efforts, succeeded in disengaging them- 
selves, and in a few seconds were darting to and fro, fully motile. 
The rapidity and extent of this change from the resting to the motile 
condition, which we have witnessed again and again, was of extra- 


ordinary interest and beauty. When crowded into a narrow space, 


the motile Spirilla showed their bright brown madder tint very 
intensely—a single one, unless very carefully examined, appearing 
colourless (fig. 1). 

The resting Spirilla are of very various shapes, some. singly bent, 
others slightly curved at one or both ends, and others coiled like 
corkscrews of two or more turns (fig. 1). We were much astonished 


* We are very strongly of the opinion that the forms described by various 
authors as Vibrio are merely either—(1.) Zigzag dividing Bazillus; (2.) Slightly 
waved Bacillus ; or (3.) Undeveloped Spirillwm, and hence that Vibrio should no 
longer be used as a generic term, | 

t Lankester, “Quart. Journ. Micr. Sci.,” vol. xiii, p. 424. 
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to note that amongst these lay short, comma-shaped forms (fig. 11), 
the head of the “‘comma”’ exactly resembling in size and colour the 
yellowish-brown spheres contained in the long motile filaments above 
mentioned. Every possible gradation in size and curvature existing 
between the smallest comma and the longest spiral, the explanation at 
once suggested itself that here we had the germination of spores into 
Spirilla. The adult resting forms might often easily be mistaken for 
germinating spores; but, by careful focussing, the apparent spore is 
resolved into a mere twist or upturned end, and we have therefore 


specially studied and carefally figured such possible sources of fallacy 


(fig. 12). 

The spore-bearing hyphe, to the study of which we were thus led, 
may be next described. They were of enormous length and constantly 
in motion, the shorter progressing with a strange, unsteady, forward 
movement; the longer, like intertwisting snakes, convoluting into 
loops, knots, and spirals, to form a motile mycelium (fig. 1). After 
remaining entire for a considerable time they break up into longer 
and shorter, still motile, segments which may again divide (fig. 7). We 


have repeatedly observed a filament, as it crept along, sowing its own 


spores, which either escaped at the end or through the walls, leaving 
slightly smaller clear vacuoles in the cellulose, to show where they 
had lain (fig. 7a). In all other cases in the vegetable kingdom, so far 
as we know, save two other Bacterial forms,* the spores or seeds may 
have the means of active or passive locomotion, but the parent or- 
ganism, at least, is always quiescent; here the reverse holds good, but 
the same end is gained—the parent being locomotive and the spores 
quiescent. | 


_ The development of the filaments and their relation to the resting 
and motile spirals we next endeavoured to ascertain. In various 
preparations, especially in those kept at a temperature of 25° C., we 
found some long irregularly-curved Spirilla (fig. 2), and associated 
with these, and often scarcely distinguishable trom them, were delicate 
wavy filaments, which were slowly changing their form (fig. 3), 
sometimes straightening, sometimes looping, but often recurring to 
the Vibrio-like type (fig. 3). These increased in length and thickness, 
and became motionless (fig. 4b), and their protoplasm gradually con- 
densed into clear round spheres, which were at first almost colourless, 
but became tinged with yellow, which deepened into the characteristic 
brown, the filament then returning to the motile condition. The 
young spores were at first arranged with some regularity (fig. 4c), but 
this disappeared as they ripened and divided. The process of division 1s 
very remarkable, dumblbell-shaped, triradiate, and badding masses 
occurring together in the same filament, the resulting spores being 


* (1.) Bacterium rubescens. Lankester, “Quart. Journ. Micr. Sci.,” vol. xvi. 
(2.) Bacillus from sea water described by one of us in the preceding paper. 
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iften unequal in size (fig. 6). ‘Such irregularity of division very 
often also takes place outside the filaments (fig. 14). 


| When naturally sown in the gloea, in the way above described, the 


gores encapsulate themselves, and very often, if not always, divide 
into two or more sporules (fig. 8a). The capsules may remain 
isolated or also divide, forming patches of two or three (fig. 8), 
or along with others, uniting into large irregularly cohering masses 
(ig: 13c). Sometimes, also, many may be enclosed in a definite 
cellulose envelope (fig. 8d); this last perhaps arising, like a colony 
of Gleocapsa, from the division of a single spore. When old, the 
capsules may lose their pale blue colour, and even become suffused 
with dingy brown. 

The sporules may either desert the capsules (fig. 8c), leaving 
vacuoles, as in the ripe filaments, such empty capsules being found in 
great numbers; or may cause them to become actively motile, their 
motion being either corkscrew-like or direct without revolution; in 
the former case resembling a Spirillum,.in the latter a monad. On 
escaping from the capsule, the sporules appear generally to rise to the 
surface, forming large dark granular masses (fig. 10). 

A nutritive fluid, prepared by boiling a piece of zoogloea in some 
water taken fron the aquarium, was inoculated with these surface 
sporules and placed on the warm stage. Twenty-four hours after, 
many of the brown sporules were sending out a small curved hypha, 
at first slightly tinged, while later, distinct ‘‘ commas,” and even 
young Spirilla, were developed. | 

It is of great interest that we occasionally found a large, very finely 
granular sphere of the characteristic colour (fig. 9), while smaller and 


coarser masses were more abundant (fig. 9b), affording a transition to 


the common sporule cyst. These correspond to the smaller ‘ macro- 
plasts”’ figured by Lankester,* in his Bacterium rubescens, and to 


| the finely granular colourless spheres, figured by one of us in the 
| preceding papert from a species of Bacillus. These probably result, as 


im Bacillus, from the long-continued subdivision of a single spore or 
sporule. 

The division of the spores inside and outside the filaments is of 
great interest, and goes far to prove the unspecialised and Protean 
nature of Bacterial forms, almost all possible modes of division being 
found in the same field. Some divide transversely into two equal 
parts, others bud like Torule, others again lengthen into rod-like 
and Vibrio-like forms, and then break up into three or four portions 
(figs. 13 and 14). 

The life-history of Spirillum, so far as we at present know, may be 
thus summarised. The well-known motile corkscrew may alternate 


* “Quart. Journ. Micr. Sci.,”’ vol. xvi, Plate 3. | 
t Plate 10, Series IV, e f g. 
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between the active and resting states, and ultimately lengthen ont into 
a small filament, which loses its definite twist and may freely bend or 
straighten. This thread grows into a much larger and longer motion- 


less filament, in which spores appear. These rapidly divide and 


acquire a bright brown colour, the filament reassuming the motile 
condition, and sooner or later breaking up. The freed spores encyst 
and divide, forming capsules, which after a period of quiescence them- 
selves become motile, the sporules contained in them escape and germi- 
nate into “commas,” which become Vibrio-like, and soon grow into 
the common motile Spirillum. 3 

The resemblance of all this to the life-history of Bacterium termo 
and Bacillus described in the preceding paper is at once apparent. 


Not only is there the same alternation of a resting: with a motile 


phase, but there is a lengthening into filaments the protoplasm of 
which condenses into spores which divide and germinate. Moreover, 
there are also moving filaments, and finely granular spheres, while 
the resemblance to B. rubescens is even more striking. That the 
deeply coloured spherules, figured by Lankester in the filaments and 
capsules, and described as “ loculi,’’ as well as the so called*“ sulphur- 
granules” of Cohn,* correspond to our “spores” is extremely probable, 
although their germination has not yet been observed. 


EXPLANATION OF PLATES. 
PLATE ll. 


Figure 1. The left half of the drawing represents a portion of a large gla film of 
resting Spirillum, containing also (1) a motile mycelium of spore-bearing 
filaments, (2) many spore capsules, grouped and isolated. On the left are 
free active Spirilla, which have disengaged themselves from the film ; at 
(a) they are crowded, showing a distinct brown colour ; at (6), where the 
liquid is drying up, is shown the intertwisting of the longer spirals, which 


not unfrequently occur. Many motile spore capsules are shown, also a 
filament breaking up. 


Figure 2. Spirilla beginning to lengthen into filaments. 
Figure 3. Young filaments still freely motile. 
Figure 4. (a.) Similar young motile filaments. 
(6.) More fully developed filaments, no longer motile. 


(c.) A filament, of which the protoplasm is condensing into round faintly- 
coloured spores. 


Figure 5. Two successive drawings of a ripe motile filament. 


PuaTE 12. 
Figure 6. Part of a mature motile filament, showing the irregular size and arrange 


ment of the budding and dividing spores, also empty spaces whence spores 
have been dropped (a). 


Figure 7. Successive sketches of a filament breaking up. (a.) Spaces occupied by 
_ spores. 


* “ Beitrage zur Biol. d. Pfl.,” 3, 1875. 
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Figure 8. (2.) Spores encapsulating and dividing. 
(5.) A small group of capsules. 
(c.) A large group of capsules. 
(d.) A group of capsules surrounded by a common envelope. 
(e.) Sporules escaping from their capsules. 
(f.) Large empty capsules. 
(g.) Phases undergone by a single capsule. 
Figure 9. (a.) Large finely granular brown sphere. 
(6.) Smaller coarsely granular spheres. 
Figure 10. Patch of naked spores from surface of liquid. 
Figure 11. Spores germinating into Spirilla, at first comma-shaped. 
Figure 12. Spirilla resembling germinating spores. 
Figure 13. Successive drawings of a portion of same Rinment, showing extreme 
irregularity of division of spores. 
Figure 14. Irregular division outside filament—(@) and (4), naked; (¢) within 
capsule. 


X. “On an Easy and at the same time Accurate Method of De- 
termining the Ratio of the Dispersions of Glasses intended 
for Objectives.” By Professor G. G. STOKES, M.A., Sec. B.S. 
Received June 18, 1878. | 


In examining the dispersive powers of a great variety of glasses _ 


prepared by the late Rev. W. Vernon Harcourt, I had occasion to 
examine several prisms which were too much striated to show clearly 
| even the boldest dark lines of the solar spectrum. I found that I was 
able to get a fair measure of the dispersive powers even of these by a 
method depending on the achromatizing of one prism by another. If 
“the method succeeded even with such prisms, it stands to reason that 
it would be still more successful with prisms of good glass. 

For the construction of an objective we require but one datum as 
regards the dispersions, namely, the ratio of the dispersions, or rather, 
the ratio which on being treated as if it were the ratio of the disper- 
sions gives the best results in practice. 

If it were not for irrationality, the matter would be comparatively 
simple. The ratio of the dispersions would then be the same for 
whatever interval of the spectrum it were taken; and we should 
merely have to take two well-defined lines, bright or dark, situated as 
nearly as may be at the extremities of the spectrum, so that any errors 
of observation should be divided by as large a quantity as practicable, 
to measure the refractive indices of the two glasses for each of those 
two lines, and to take the ratio of the increments in passing from one 
Ime to the other. But in consequence of irrationality we get a 
different ratio according to the particular interval we choose; we are 
obliged, unless we adopt some different method altogether, to observe 
| More than two lines in each glass; and when we have got the-results, 
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that is to say, the indices for several fixed lines in each glass, it stil] 
becomes a question what it is best to do with them so as to produce 
the best result. 

Fraunhofer proposed an empirical rule for combining the results,* 
but remarked that the number thus obtained was not exactly that 
which answered best in practice. I have elsewhere shown reason to 
think that the rule may be taken to be simply that the ratio of dis. 
persions to be chosen is that for an infinitely small portion of the 
spectrum at its brightest part;+ or in other words, that the focal 
length of the combination of two glasses must be made a maximum or 
minimuin (it is practically a minimum) at the brightest part of the 
spectrum. 

The refractive index of one glass may bs expressed in terms of that 
of another, or of some standard glass, by an interpolation formula 
with three, or at most four, terms. The most accurate observations 
with prisms are only just sufficient to show that a fourth term is 
needed, and for the practical purpose of the construction of object- 
glasses, where in consequence of irrationality the ends of the spectrum 
are sure to be a good deal out of focus, it will be amply sufficient to 
confine ourselves to three terms. The three coefficients in the inter- 
polation formula may be determined by observing in each glass the 
indices of refraction for three selected lines, though it is well to 
observe more than three lines, and combine the results. 

The angular extent of the spectrum being but small in practical 
cases, the necessity of determining three constants by observations 
made in it requires great delicacy of measurement. Small errors of 
observation would easily produce an error in the deduced ratio which 
would be sensible, or even material, in practice. 

For the actual construction of an object-glass we require, as has 
been already remarked, the knowledge of only a single constant relat- 
ing to the dispersion, not of two ; and if we can find some test whereby 
to know when the required condition is satisfied, we may anne with 
such extreme accuracy in the angular measurements. 

Such atest is afforded by the secondary tints, which due with 
extreme rapidity when the refracting angle of one of the mutually 
achromatizing prisms, or the position of one of them in azimuth, 18 
altered. If a moderately narrow object with vertical sides, black on ® 
white ground, or white on a black ground, be viewed through opposed 
prisms, one of crown and one of flint glass, with a small telescope, 
and the prisms be set to achromatize each other as nearly as may 


be, it will be found that the slightest touch altering one of the prisms 


in azimuth alters notably the secondary tints. 
_ The secondary tints in an objective are readily shown by directing 


* “Denkschriften der K. Akad. der Wiss. zu Miinchen,” vol. v, p. 210. 
+ “ Report of the British Association for 1855,” part ii, p. 14. 
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' the telescope to a vertical line separating light from dark, such as the 
| edge of a chimney seen in the shade against the sky, and covering 
half the object-glass with a screen having a vertical edge. So delicate 
| isthis test that on testing different telescopes by well-known opticians, 
a difference in the mode of achromatism may be detected. The best 
results are said to be obtained when the secondary green is interme- 
diate between green and yellow. This corresponds to making the 
focal length a minimum for the brightest part of the spectrum. 

To enable me to form a judgment as to the sharpness of tke test 
furnished by the tint of the secondary green, as compared with the 
performance of an object-glass, I tried the following experiment. 

A set of parallel lines of increasing fineness was ruled with ink on 
asheet of white paper, and a broader black object was laid on it as 
well, parallel to the lines. The paper was placed, with the black lines 
vertical, at a considerable distance in a lawn, and was viewed through 
two opposed prisms, one of crown glass and the other of flint, of such 
angles as nearly to achromatize each other in the positions of minimum 
deviation, and then through a small telescope. The achromatism 
was now effected, and varied in character, by moving one of the 
| prisms slightly in azimuth, and after each alteration the telescope was 
focused afresh, to get the sharpest vision that could be had. I found 
that the azimuth of the prism was fixed within decidedly narrower 
limits by the condition that the secondary green should be of such or 
such a tint, even though no attempt was made to determine the tint 
| otherwise than -by memory, than by the condition that the vision of 

the fine lines should be as sharp as possible. Now a small element of 
| § double object-glass may be regarded, so far as chromatic compensa- 
tion is concerned, as a pair of opposed prisms; and therefore we may 
infer that the tint of the secondary green ought to be at the very 
least as sharp a test of the goodness of the chromatic compensation as 
the actual performance of the telescope. And such Mr. Thomas 
Grubb, to whom I mentioned the test, found to be actually the case in 
: the progress of the construction of the 15-inch refractor for the Royal 
Society, the instrument at presert in the hands of Mr. Huggins. 

It follows therefore that two opposed prisms, representing the 
glasses to be employed in an objective, are to be deemed to achromatize 
each other when one of the two secondary colours is about midway 
between yellow and green. 

The condition of achromatism of two opposed prisms is given in the 
ordinary treatises on optics, but, so far as I have seen, rather as an 
optical curiosity than as a matter of practical utility. Sir David 
Brewster in his treatise on “‘ New Philosophical Instruments,” p. 292, 
alludes to it as furnishing a conceivable mode of determining disper- 
sive powers, but mentions it only to condemnit. I cannot imagine 
‘why, for at least with the modifications which I have been led to in- 
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troduce in putting it in practice, I find it to be no less excellent than 
Casy- 

The experimental arrangements are a good deal simplified by making 
the prisms to be compared achromatize successively one and the same 
prism chosen arbitrarily, and retained in a fixed position, instead of 
making them directly achromatize each other. I will first describe 


the method as I used it, premising that as the prisms for which it wag 
primarily designed were not of good glass, I was content with less 


perfect arrangements than would have been desirable for really good 
glasses. Nevertheless the apparatus when used with good priggis 
gave very good results. The object observed was a vertical slit, so 
wide that when viewed through the opposed prisms a broad white 
stripe was seen, merely fringed at the two edges with the secondary 
green and purple. The slit was fixed at one end of a horizontal plank, 
near the other end of which was fixed a vertical lens of about four 
feet focus. The slit was in the principal focus of the lens. The 
plank rested on three knobs, one under the slit, the other two near 
the other end. This mode of support prevented torsion of the plank, 


which would have produced a lateral derangement of the slit. The 


rays from the slit, rendered parallel by the lens, fell upon a prism, 
which I will call the primary prism. This prism is fixed during the 
observation. Itsangle and dispersive power, and the azimuth in which 
it is set, are arbitrary within wide limits. 


The beam emerging from the primary prism falls, at a little distance, 


on a second prism resting on a stand movable along with the verniers 
of a protractor reading to minutes (for the loan of which J am in- 
debted to Professor Miller), which latter rests on the plank. As 4 
matter of convenience, the prism has an independent motion in azi- 


muth, but when once placed in a convenient position it is not after- © 


wards moved except along with the verniers. 

The beam refracted and dispersed in contrary iiivections by the two 
prisms is received on the object-glass of an achromatic telescope un- 
connected with the graduation, with which the image of the slit, if so 
wide an aperture may so be called, is viewed. In general the edges of 


the aperture are seen coloured blue and red, which colours, on turning © 


the prism through its azimuth of achromatism, are changed into red 
and blue by passing through the secondary green and purple. That 
edge of the slit at which the green is seen is alone attended to, and is 
treated as the fiducial edge. The prisms are deemed to achromatize 
each other when this colour is midway between yellow and green. 
Should the observer wish to aid his judgment by observing the 


‘purple as well, it would be proper to use an aperture of the form 
represented in the figure, so that the green and purple should be sees © 


right and left along a common edge, and therefore at the same angle 


_ of incidence, or rather at angles of incidence having the same hori- 
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B wntal projection. I do not know that anything would be gained by 
this; I have found it sufficient to attend to the green. 


The light employed had best be that of the sky, reflected horizon- 
tally by a looking-glass. It should be fairly bright, but not approach- 
ing to dazzling. Thus the light reflected from the sky near the sun 
would be too bright. The room need not be darkened ; in fact, it is 
better that the eye should be kept fresh for the appreciation of colour 
by habitually looking about on ordinary objects. A simple collimating 
lens such as I have described is sufficient, though doubtless an achro-. 
matic would theoretically be an improvement. It should be of longish 
focus, at least in the case of a simple lens, lest any slight displacement 
nght or left of the middle of the incident beam should introduce a 
minute dispersion due to the lens acting asa prism. If the middle of 
the beam be not quite central, that does not signify, provided the 
ecentricity be constant; for then the minute dispersion is merely 
‘added to that of the primary prism, which is arbitrary. To ensure 
constancy of incidence on the lens, it is well to limit it by an aperture 
with vertical sides, and to take care that the beam employed is wide 
enough to fill the aperture. Similarly it is well to take care that the 
beam falls centrically, or pretty fairly so, on the achromatic viewing 
tlescope. But what is of much more consequence is that the ray 
passing through the optical centre of the object-glass should pass 
centrically through the eye-piece, as otherwise the dispersion of the 
eye-piece for eccentrical pencils would alter the secondary tint. It is 
well, therefore, that the viewing telescope should be furnished with 
toss wires. The telescope is then moved a little till the fiducial edge 
son the cross wires when the tint is observed. 

The determination of the azimuth of achromatism is the capital 
observation on which the accuracy of the result depends; in com- 
Parison with it, the rest of the measurements required may be deemed 
exact. Accordingly a number of observations of this azimuth should. 
be taken, and the mean adopted. The mean error will vary with cir- 
cumstances, but it may be taken ordinarily as a few minutes. 

VOL. XXVIL. 
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The mean reading for achromatism by itself alone gives nothing, 
and must be combined with another determination in order to be avail. 
~ able. The second determination which I found it most convenient to 
make was that of the angle of incidence of a particular part of the 
spectrum on the second prism for a known azimuth of this prism. 

If the brightest part of the spectrum were marked by a definite line, 
we should choose that. As it is, the line D, though not exactly at the 
brightest part, lies sufficiently near it for our purpose, as will be better 


understood presently. No dark lines can be seen in the reflected light, — 


because we are using an aperture, and not a mere slit. But if the slit 
be illuminated by a soda flame instead of daylight, a well-defined 
yellow image of the aperture will be seen, the fiducial edge of which 
can be pointed at with precision. 

To determine the angle of incidence I have employed two methods, 
both of which I think it will be worth while to describe. The first is 
the less direct, and involves a little subsequent calculation, but has the 
advantage of not requiring any additional apparatus beyond what is 
wanted for the determination of the azimuth of achromatism. In 
carrying out the first, and in applying either, I suppose the angle of 
the prism and its index for the line D known from a determination in 
the usual way. 

First Method.—The azimuth of minimum deviation for the line D 
could be determined pretty fairly by bringing the wire of the viewing 
telescope to the fiducial edge when the aperture is illuminated by a 
soda flame, and the edge is in or near its stationary position, and taking 
the mean of several determinations of the azimuth at which the edge 
is stationary. The angle of incidence for minimum deviation is vir- 
tually measured in the process of finding the index, and is therefore 
known ; and by applying with its proper sign the difference of mean 
readings for achromatism with daylight and for minimum deviation 
with a soda flame, we get the angle of incidence for achromatism. 

This method is mentioned merely as naturally leading up to that 
actually employed. It must be rejected as too slovenly, since the 
uncertainty of the determination of the azimuth of minimum deviation 
is hable to be greater than that of the azimuth of achromatism. 

If we place the wire of the viewing telescope some way off the sta- 
tionary position of the fiducial edge, there are two azimuths of the 
prism at which the edge will be on the wire, across which it will move 
with a finite velocity as the prism is moved in azimuth. Hence either 
azimuth could be determined with accuracy, and if they were equi- 
distant from the azimuth of minimum deviation, the latter could be 
determined at once. This, however, is not the case, but nevertheless 
the azimuth of minimum deviation can be determined from the result. 

Since the course of light may be reversed in refraction, it readily 
. follows that in passing from one to the other of two azimuths which 
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give equal deviations, the angles of incidence and emergence are simply 
interchanged. Hence when the prism is turned from one to the other - 
of two azimuths for which the image of the fiducial edge is on the wire 
of the viewing telescope, the angle moved through is equal to the 
difference between the angles of incidence and emergence in either 
position. Both azimuths, and therefore their difference, can be deter- 
mined with accuracy, provided the azimuths be sufficiently remote from 
that of minimum deviation. 

The process of observation, then, is this. Set the prism a good way, 
sich as 10° or 15°, from the azimuth of minimum deviation, and read 
the graduation, Turn the viewing telescope till the fiducial edge is on 
its wire. Taking care to keep the telescope fixed, turn the prism 
through the position of minimum deviation till the edge 1 is again on 
the wire, and read again. 

Let ¢, y be the angles of incidence and emergence or emergence and 
incidence, of which let ¢ be the greater. Let 2 a be the angle, 7, of the 
prism, 2 8 the sum of 2 a and the minimum deviation, 2 y the mea- 
sured angle through which the prism has been turned, org@—y-. Since 
the sum of the internal angles=2 a, we may represent them by a+z 
mda—z, Let be denoted by 2y. Then we shall have— 


sin (y+) sin (y—1) sin B 
sin (a+z) sin (a—#) sina 


Eliminating 2 from these two equations, we find— 


2, _cos*a cos (B—+7) cos | 


which gives y, and then y+¥, 2.e., or y, is known. The angle of in- 
cidence for a known reading of the graduated circle being known, we 
have only to apply the difference between this reading and that for 
achromatism to that angle of incidence in order to get the angle of 
incidence for the azimuth of achromatism. 

Second Method.—In this a little telescope is used, which is attached 
to the stand of the prism, so as to move with the verniers of the circle. 
The telescope need not be achromatic, but has cross wires in its prin- 
cipal focus. 

After determining the azimuth of achromatiem, the slit is illumi- 
nated by a soda flame, and the prism with the verniers turned till the 
fiducial edge is on the wires of the measuring telescope, when the circle 
is read. The prism is then removed, and the measuring telescope 
turned till the fiducial edge is seen directly, and the circle is read 
wain. Half the supplement of the difference of the readings gives 
the angle of incidence when the reflected image was on the cross 
Wires ; and by applying the difference of mney for oe and for 
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achromatism, we get the angle of incidence in the position of achro. 
matism. 

This angle, y, having been determined by, either of the above 
methods, we have, by the known formula— 


du 
cosec cos 9’ cos cosec 7, cos cos 


where the letters with the suffix , refer to the second prism. For the 


prisms would achromatize each other, as is supposed in the deduction of 
the above formula in treatises on optics, under the same circumstances 
in which they would achromatize, in succession, the same spectrum. 
In the application of the formula, it is to be remembered that, of the 
two angles ¢, y, the former is that which lies on the side of the white 
light, and is, therefore, the angle of incidence for the first, but of 
emergence for the second, of two prisms which mutually achromatize 
each other. | | 
In the application of the formula (2) the angles ¢', v belong, 
strictly speaking, to the brightest part of the spectrum, which for 
shortness I will call M, for which the value of the differential co- 
efficient du,: du is supposed to be sought. But the distance of 
M from D is so small that it will hardly make any sensible error if we 
use the values of the angles belonging to D, for not only is the cor- 
rection to the product cos ¢' cos ¥ for either prism very small, but 
the two corrections are in the same direction, and therefore tend to 
neutralise each other in the ratio of the products, with which alone we 
are concerned. If, however, we care to introduce the correction, it can 
be done at the expense of a little additional calculation. In a crown 
glass the index for M may be taken as greater by 0°001 than that 
_ for D, and in a flint glass as greater by 0°001 multiplied by 4 
rough value of du,: du. The angle of emergence ¢ may be taken to 
be the same for M as for D. For the deviation, regarded as the fanc- 
tion of the index, is a maximum or minimum for M; and D being 80 
- near M, the difference of deviations for D and M — ‘be quite in- 
sensible compared with the errors of observation of the azimuth of 
achromatism, with which it is associated. Let the letters 'n, ‘y, & 


refer to M, while w, y, &c., refer to D. yy is obtained by observation, 


and vy’, @ must, in any case, be calculated from thence by the known 
values of ~ andi. We have now merely to calculate the '¢’ and 'y 
for each glass from the formule 


and substitute these values in the equation (2) instead of those belong- 
ing to the line D. 


The primary prism had best be made of very ine flint glass (or else — 
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be a compound prism formed of two prisms of crown and flint glass 
respectively, with their angles turned the same way), so as to fall 
about midway between the glasses to be compared, and thereby divide _ 
between them the irrationality which has to be encountered in the 

observation. ‘The observation of the azimuth of achromatism is most 

accurate when there is little or no irrationality ; and, if preferred, the 

crown glasses might be compared with a standard crown, and the 

fint glasses with a standard flint, the primary prism being in the one 

case any crown glass prism that happens to be at hand, and in the 
other case a flint glass prism. The crown glass to be measured being 
compared with the standard crown by using them in succession to 
achromatize the same primary crown in the same position, and similarly 
for the flint glass to be measured and the standard flint, we can 
deduce the ratio of the dispersions of the crown and flint glasses to 
be measured if we know, once for all, the ratio of the dispersions 
of the standard crown and flint glasses. This may be determined by 
a specially careful series of observations of the kind above described, 
| made once for all, or, if preferred, by the method of indices. 

The direct comparison of a crown and flint glass is, however, so 
accurate, especially if a glass of intermediate quality be used for the 
primary prism, that I feel satisfied it will suffice for practical pur- 
poses. It is hardly necessary to observe that, if the primary prism be 
of intermediate quality to the two compared, the right hand edge of 
the aperture will be the fiducial edge in the one case, and the left 
hand edge in the other. In saying this, I assume that we have not 
extravagant inclinations or differences of angles to deal with, for there - 
_i8 a quast-irrationality observed even when two prisms of the same 
glass, but of different angles, achromatize each other, which is, how- 
ever, ordinarily so small that it may be neglected in comparison with 
the real irrationality of the media. 

By turning the primary prism into a different azimuth, or substi- 
tating a different primary prism, and repeating the observation, an 
estimate may be formed of the degree of reliance that may be placed 
on the results. 

To give an ies of the degree of accuracy of which the results are 
susceptible, I subjoin a few numbers extracted from my note-book. 
The prisms designated H 74, H 88, H 98, were experimental prisms 
of phosphatic glass of different compositions. They were more or less 
striated, but were good enough to show the principal fixed lines of the 
spectrum. In the different determinations of the ratio of dispersions, 
the primary prism was set at different azimuths. In the calculation 
of (2) the indices for D were used. The differences from the means 
are exhibited. 

H 74 to H 98, 1°882, 1:892; mean, 1°887; differences, — 0° + 
0-005. 
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H 74 to H 98, 1°755, 1:761, 1:781; mean, 1°766; differences, — 
0-011, — 0005, + 0°015. 


It will be seen that, even with prisms such as these, by taking the 


mean of different determinations, the uncertainty can hardly be as 
great as one half per cent. 

Extremely small prisms are quite sufficient for the determination of 
the ratio of the dispersions of the glasses by the above method. It 
may, however, happen that an optician cannot afford to remove even 
so small a piece of glass from a disk intended for an objective, and has 
not a specimen of glass on the identity of which with the glass of his 


disk he can thoroughly rely. In such a case it is necessary to de. 


termine the optical constants of the disk by means of facets cut on the 
disk itself. A heavy and costly disk cannot be treated like a small 
prism, and mounted on a small graduated instrument in the manner 
I have supposed a small prism treated. To compare the ratio of the 
dispersions of two such disks, one of crown glass and the other of 
flint, the most convenient way would seem to be to leave the disk 
fixed, let the light pass through it first, and then achromatize it by a 
small prism of very low flint glass, mounted on a small graduated in- 
strument in the manner already explained. The dispersions of the disks 


-would be compared with each other by comparing them in succession | 


with the same intermediate prism. 


This, however, demands an additional determination beyond what 


was required in the other process, since the prism through which the 


light first passes is not the same in the two cases. The element which 


best lends itself to measurement is the angle of incidence on the first 
surface. The most convenient mode of measuring this must depend on 


the general disposition of the apparatus adopted to take the measure: 


ments for the angle of the disk and the deviation of some one line, 


which must be made in any case; it is accordingly best left to the 


choice-of the observer. 


XI. “ On the Reversal of the Lines of Metallic Vapours.” By G. | 


D. Lrvetne, M.A., Professor of Chemistry, and J. DEWAR, 
M.A., F.R.S., J acksontan Professor, University of Cambridge. 
No. ITI. Rescived June 19, 1878. 


In our last communication to the Royal Society we described cer- 
tain absorption lines, which we had observed to be produced by the 
vapour of magnesium in the presence of hydrogen, and certain other 
lines which were observed when potassium, and others when sodium, 
was present, in addition to magnesium and hydrogen. These lines 
correspond to no known emission lines of those elements; but, inas- 
much as they appeared to be regularly produced by the mixtures 


| 
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described, and not otherwise, we could only ascribe their origin to the 
mixtures as distinct from the separate elements. It became a question 
of interest, then, whether we could find the conditions under which the 
same mixtures would give luminous spectra, consisting of the lines 
which we had seen reversed. On observing sparks from an induction 
coil taken between magnesium points in an atmosphere of hydrogen, 
' we soon found that a bright line regularly appeared, with a wave- 
length about 5,210, in the same position as one of the most con- 
spicuous of the dark lines we had gbserved to be produced by vapour 
of magnesium with hydrogen in our iron tubes. This line is best 
seen, t.e. is most steady, when no Leyden jar is used, and the rheotome 
(the coil we used has an ordinary self-acting one) is screwed back, so 
that it will but just work. It may, however, be seen when the coil is 
in its ordinary state, and when a small Leyden jar is interposed ; 
but it disappears (except in flashes) when a larger Leyden jar is used, 
if the hydrogen be at the atmospheric pressure. This line does not 
usually extend across the whoie interval between the electrodes, and is | 
sometimes only seen near the negative electrode. Its presence seems 
to depend on the temperature, as it is not seen continuously when a 
large Leyden jar is employed, until the pressure of the hydrogen and 
its resistance is very much reduced. When well dried nitrogen or 
carbonic oxide is substituted for hydrogen, this line disappears entirely ; 
but if any hydrogen or traces of moisture be present it comes out 
when the pressure is much reduced. In such cases the hydrogen lines 
C and F are always visible as well. Sometimes several fine lines 
appear on the more refrangible side of this line, between it and the 
_ bgroup, which give it the appearance of being a narrow band, shaded on 
that side. We have used various samples of magnesium as electrodes, 
and they all give the same results. We have also used hydrogen pre- 
pared and purified in different ways: hydrogen prepared by the action 
of zinc on dilute sulphuric acid, purified by an acid solution of bichro- 
mate or permanganate, and by potash, and dried by sulphuric acid; 
electrolytic hydrogen; hydrogen from dry formiate of soda and soda | 
lime; hydrogen occluded by scdium and expelled by heat ; and hydro- 
gen occluded by palladium and expelled by heat. In the last two cases 
the whole apparatus was connected by fusion, and a Sprengel pump, 
also connected by fusion, employed to remove the air. In all cases 
the phenomena were the same. 

In addition to the above-mentioned line, we observed that there 
is also produced a series of fine lines, commencing close to the most 
refrangible line of the b group, and extending with gradually dimi- 
nishing intensity towards the blue. These lines are so close to 
one another, that in a small spectroscope they appear like a broad 
shaded band. We have little doubt that the dark absorption line, 
with wave-length about 5,140, shading towards the blue, which 
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we previously observed in our iron tubes, and described in our lagt 
communication, was a reversal of part of these lines, though the latter 
extend much further towards the blue than we had observed the 
absorption to extend. In fact, the bright lines extend somewhat more 
than half the distance between } and F, from 45 to 50 being visible, 


and placed at nearly equal distances from each other. They also © 


commence close to the 6 group, i.e., with a wave-length nearly 5,164, 
but the first two or three lines at that end are not so bright as those 
which immediately succeed them. .The light giving these lines does 


not extend to more than a short distance from the electrodes, and is | 


generally most conspicuous at the negative electrode. There is 
difficulty in consequence of the flickering character of the discharge in 
getting any accurate measures of them, though they are bright 
enough, especially at the less refrangible end, to be easily seen. The 
comparative faintness of the light from the iron tubes appears to us 
almost sufficient to account for our not having seen the reversed lines 
so completely as the bright ones; nevertheless, it is quite in accord- 
ance with what we in other cases observed, to suppose that some of 


these lines may be more easily reversed at the temperature of the iron 
tubes than others. 


XII. “An Experimental Investigation into the Velocities of 
_ Normal Propagation of Plane Waves in a Biaxal Crystal, 
with a Comparison of the Results with Theory.” By R. T. 
GLAZEBROOK, B.A., Fellow of Trinity College, Cambridge. 
Communicated by J. CLERK Maxwett, M.A., F.R.S. Re- 

- ceived June 19, 1878. 


( Abstract.) 


In his report to the British Association in 1862, Professor Stokes 
called attention to the desirability of accurate measurements of the 
velocity of normal propagation of plane waves in a biaxal crystal, with 
a view to testing by the results Fresnel’s theory of double refraction, 
and suggested then a method to determine this velocity. Let the 
crystal to be examined be cut into the form of a prism, two or more 
natural faces being left to determine accurately the position of the cub 
faces with reference to the axes of elasticity. 


prism.” 

“ Let V be the velocity i in air, v in the erystal, let o¢ vy v' have their 
usual meanings, let 7 be the angle of the prism, D the deviation of the 
wave normal after passing through the prism.” 

Let us observe the angle of incidence ¢, and the deviation D. 


. Let us consider a plane wave of light passing through the crystal 


a. w 


: 
, 
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- Then y¥ is given by the formula 

“ But without making any other supposition as to the law of double 
refraction, or assuming anything beyond the truth of Huyghen’s 
principle, which, following at once from the superposition of small 
motions, lies at the base of the whole theory of undulations, we may 
at once deduce from the directions of incidence and emergence the 
direction and velocity of — in the crys 

For we have— 

sin sin 
. . (2), 
.. ... @), 
os and subtracting (2) and (3), 


2 2 
v COS 5 sin ae V cos 5 sin 


Dividing and recollecting (4),. 


2 2 
This gives | 


Combining with (4) we can get @’ and y’, and then find the value of 
» from either (2) or (3). In practice the value of p or was used. 


In accordance with these suggestions I undertook a series of obser- 
vations at the Cavendish Laboratory, Cambridge, which I propose to 
describe in the paper, adding moreover a comparison of the results 
with the theories of Fresnel and Lord Rayleigh. Fresnel is the only 


experimenter who has attempted to verify his theory by experiment, 


and his attempt affords no verification, for in applying it he used 
approximate results, and to the degree of approximation to which he 
went the theory developed. by Lord Rayleigh (Phil. Mag., vol. xli, 
Series iv, 1871) leads to exactly the same equations to determine the 
velocity of propagation as were used by Fresnel, so that his results 
form equally a verification of Lord Rayleigh’s theory. 
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The work was carried out on two pieces of aragonite supplied by 
A. Hilger, Tottenham Court Road. In both cases two of the faces 
marked mm’ (Miller’s “ Mineralogy,” p. 567) gave the best reflexions, 
and were therefore reserved to afford means for the determination of 
the position of the artificial faces. We will consider the two separately, 


The first crystal was cut at Professor Stokes’ suggestion, so as to 


form two prisms. 

The edge of one of these was etic parallel to the axis b of the 
crystal, the mean axis of elasticity, so that the principal plane of the 
prism almost coincided with the principal plane AOC- of the wave 
surface, and I was able to show that the error arising from supposing 
‘the coincidence to be exact would never amount to as much as ‘00001. 

The axis OA of the crystal almost bisected the angle of the prism, 
which was 42° 50’ 30’. The observations of deviation and incidence 
were made with a goniometer by Grubb, lent me by Professor Stokes. 
The circle, about a foot in diameter, was graduated on silver, and was 
read to 10” by verniers. Be. 

Each observation was repeated two or three times on different occm 
sions, and the mean of the results taken. It was rarely that two 
measures of the same quantity differed by 20”. 

Careful precautions were taken to ensure the light passing ina 
principal plane of the prism. 

The observations with this prism extended from about 8° on one 
side of the axis OC to 16° on the other, passing almost through the 
extremity of an optic axis. Observations were taken at angles of in- 
cidence, increasing uniformly by 2°, thus forming an arithmetical 
progression. 

The values of » for one wave were nearly constant, and varied but 
little from 


1°68125. 


Let a, b, c, be the principal refractive indices. The series of values 
given above corresponds to the circle of radius b. So that 


1°68125. . 


The values corresponding to the other wave varied considerably. 
According to Fresnel they ought to be radu vectores to an ellipse 
axes a and c. 


a was determined by passing light along the axis OC, which wa: 
possible, the crystal having been cut with this object in view. I found 


a = 1°68580. 


To find c recourse was had to the second prism, which had its edge 
nearly parallel to the axis of c. I found 


= 1530138. 
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The value for the angle between the optic axes, seen in air through 
a face normal to c is, from these values 


31° 0’ 0”. 
Kirchhoff found by experiment— 
30° 54’, 


The agreement is fairly close, much closer than that given by the | 
values of the principal indices as determined by Rudberg. 

Having thus found a and c, we proceed to calculate the theoretical 
values of » in different directions and compare with theory, with the 
following result :—For from about 8° on one side of the axis a to 10° 
on the other, theory and experiment agree closely. The difference 
only in two cases amounts to ‘0001, and is sometimes positive, some-— 
times negative. [The error in oo is certainly not so great as 
00005.) 

But for the next 6° through which the: observations extended, the — 
differences continually increase, reaching ‘00024 for the last observa- 
tion, the experimental values of » being uniformly greater than the 
theoretical. | 

So that the results of observation would be represented by a circle 
of radius 1°68125, and an oval curve with the same axes as Fresnel’s 
ellipse, viz., | 

a = 1°68580 
c= 1°53013 


which agrees closely with the ellipse for 10° on either side of the 
axis a, and for the rest of the arc observed lies outside it, the difference 
between the radii vectores of the two curves increasing as we recede 
from a. 

The differences between experiment and Lord Rayleigh’s theory 
increase much more rapidly, and amount, ut the end of the arc of 16° 
observed, to ‘00202, or about ten times as much as on Fresnel’s theory. 
Thus Lord Rayleigh’s theory differs from the truth by considerably 
more than Fresnel’s. | 

The second prism was cut so as to have its edge nearly parallel to 
OC. 

The parallelism, however, was not sufficiently exact to enable me to 
treat the principal plane of the prism as coincident with a principal 
section AOB of the surface of wave slowness. Jt was necessary, 
therefore, to determine the values of v, v2, the velocities of normal pro- 
pagation, from Fresnel’s construction. Let the optic axes meet a unit 
sphere centre at the centre of the surface in OO’ respectively ; let P be 
the part in which any wave normal meets the sphere OP=0@ O'P=@", 

Then we may show that the values of v, v, are given by— 


4 
- 
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sin AO } sin cin { 240 +a0}, 


The work extended over an are of about 19°, with the following 
results :— 

For one wave the agreement was close sbi. This section 
differed but slightly from the circular section of radius 1°53013. 

For the other the differences were much greater. ) 

The results of experiment were represented by a curve, which in 
the neighbourhood of the lesser axis of Fresnel’s section lies within 


that section, cutting it at about the middle of the arc considered, and 


afterwards lying without it. 

_ The excess of experiment over theory changes i in the arc considered 

from 
—'0002 to +°0005. 


This agrees with the result for the first prism in i ited outside Fresnel’s 
surface as we approach the major axis. 

I then proceeded to estimate the effect of any possible errors made 
in the determination of a, 6, c, or the position of the plane, and showed 
that no change at all within the limits of experimental error would 
reconcile theory and experiment more closely. As a test of the accu- 
racy of the experimental work, it may be stated that a series of obser- 
vations, taken at an interval of some three months préviously to those 


described above, gave results which rarely differed from those results 
by more than 


| 00004. 

To proceed now to the second crystal. The measurements on it 
were made at an interval of nearly a year after those already described. 
The crystal was in the form of a hexagonal prism, the base of the 
prism being nearly perpendicular toc. This base was polished. The 
other end was cut so as to be inclined to the base at an angle of 
35° 2' 56", the line of intersection of the faces of the prism thus 
formed being nearly parallel to that of m and c. One of the faces, m, 
was cut so as to be inclined to the oblique section at about 37°, the 
line of junction being again nearly parallel to that of m and c. So that 
I thus formed two prisms whose principal planes were nearly coincident, 
having one face in common. 

By this means I was able to work over an are which extended from 
the neighbourhood of the principal section AOC to more than 70° on 
the other side of it. 


The planes cut the principal plane, AOC, in two points, L Li, saih 
that— 
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CL 
CLi = P15 4 
ALP = 59° 20 11” 
AL'P = 59°13 2” 


while the position of P, the normal to the common face of the two 
prisms, was given by— 
LP = 35° 0' 19” 
or L'P = 395° 3' 14” 
Let 0 @ be the angles between any wave normal and the optic axes. 
The formule used to calculate v; v, were— 
v+c 


The values used for a, b, c, were— 


cos (9+0)), 


cos 


smu 68560 
b = 1°68115 
o = 


These values differ slightly from those used in the first part of the 
paper, though not by nearly so large amounts as Rudberg found be-- 
tween the values for two different specimens of aragonite. He had 
differences of more than ‘0004 (‘‘ Pogg. Annalen,” xvii, 1). For the 
outer sheet, which differs least from a sphere, the results of theory and 
experiment agree fairly closely. But for the inner sheet-the curve 
. given by theory agreeing with that given by experiment at the ex- 
tremity of an axis, lies outside of it throughout the whole of its course 
away from that axis. The difference is greatest at about 35° away 
from the principal section, AOC being there as great as ‘0009. ne 

From this point the differences decrease, and at the end of the arc 
considered, or 74° away from the same axis, the value is 


‘0003. 


I found also that no changes in the values of a, b, c, would produce 
closer agreement, but that if we suppose the arcs LP, L’P, to be in- 
creased by 17’, and the angles ALP, ALP, by about 1°, the differences 
between theory and experiment were reduced about ‘00006, taken | 
- throughout the arc, being sometimes positive, sometimes negative. 

I have shown, however, that this change in the position of P in- 
volves alterations in the measures by which its position relative to the 
faces mm’ was determined, which are far in excess of any possible expe- 
rimental error, and that the only way of accounting for them is by 
supposing the axes of elasticity of aragonite to be slightly variable Mn 
position relatively to the faces of the crystal. 
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On the whole, however, I prefer to regard Fresnel’s theory asa close 
first approximation to the truth, and to look to the phenomena of 
dispersion to explain the variation from it. 

I may perhaps be allowed to close with a suggestion, which, judging : 
from the results of a few experiments I have —— made, appears to T 
have some basis of truth. 

Let us suppose that in a crystal 


+. 


where a, c, &., are functions of the of vibration and 
propagation. 

Let us suppose that for waves of infinite len wth Fresnel’s construc- 
tion is true, so that a is a radius vector of Fresnel’s surface of wave 
slowness, and can therefore be calculated, and suppose we neglect the 


terms a &c. Observing the values of » in this direction for different 


rays, we get 
b 
b 
&c 
that 


give 
12403, 


1°2875 (1st experiment). 
1:2770 (2nd direction). 


1°46978, 
(1st direction). 
Mp—a (1°47348 (2nd direction). 


These numbers, especially the last, are sufficiently close to make ib 
worth while continuing the observations, 


The Society adjourned over the Long Vacation to Thursday, No- 
vember 21, 
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quis de Crozier et son ouvrage |’Art Khmer. 8vo. Paris 1878. _ 
The Author. 
Mohn (H.) On the Meteorological Observations made in the Norwe- 
gian Deep-Sea Research Expedition in the summers of 1876 and 
1877. 8vo. London 1878. The Author. 
Morren (Ed.) Correspondance Botanique. List des Jardins, des 
Chaires, et des Musées Botaniques du Monde. 8vo. Lnége 1877. 
Puscaru (J. Ritter-von). Das Stereometer privilegirtes Kérper-Mess- 


instrument. 8vo. Budapest 1877. The Author. 
Ringwood (A.) Means by which the height of Clouds can be obtained 

| by one Observer. 12mo. Adelaide 1877. The Author. 
Schmidt (Carl) Hydrologische Untersuchungen. 23. Das Wasser 
des Baikal-Sees. 8vo. St. Pétersbourg 1877. - The Author. 


Tommasi (D.) Sull’ azione della cosi detta Forza Catalitica spiegata 
seconde la teoria termodinamica. 8vo. 1878. Riduzione del 
cloruro di argento e del cluroro ferrico. 8vo. 1878. The Author. 

Toner (J. M.) Address before the Rocky Mountain Medical Associa- 
tion, June 6, 1877, containing observations on the Geological Age 
of the World. 12mo. Washington 1877. © The Author 
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(N.) Guide de la Carte Géologique du Grand.Duché de Lux. 
embourg. 8vo. 1877. The Author. 
Wolf (Rudolf) Astronomische Mittheilungen. 44, 45, 46. 


* Lirich 1877-78. The Author. 
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Transactions. 
Berlin :—Konigl. Preussische Akademie der Wissenschaften. 
Monatsbericht. Januar—Februar 1878. 8vo. The Academy. 
Béziers :—Société d’Etude des Sciences Naturelles. | Bulletin 
Comptes Rendus des Séances. Décembre 1876. le Année. 8yo. 
1877. | The Society. 
Brussels :—Académie Royale de Belgique. Bulletin. 47e Année. 
Ze Séries. Tome XLV. No. 1-4. 8vo. Bruzwelles 1878. 
The Academy. 
Académie Royale de Médecine. Bulletin. Année 1878. 3e Séries. 
Tome XII. No. 1-4. 8vo. Mémoires Couronnés. Tome IV. 
fase. 3, 4. 8vo. Bruaelles 1878. The Academy. 
Bristol:—Museum and Library. Report of Proceedings at the © 
Seventh Annual Meeting. 8vo. 1878. The Museum. 
Caen :—Société de Médecine de Caen et du Calvados. L’Année 
Médicale. Journal. 2e Année. No. 7-12. 3e Année 1-6. roy. 
8vo. 1877-78. The Society. 
Cincinnati :—-Society of Natural History. Journal. Vol. I. No. 1. 
1878. | The Society. 
Danzig:—Naturforschende Gesellschaft. Schriften. Neue Folge. 
Band IV. Heft 2. roy. 8vo. 1877. 2 copies. The Society. 
Kénigsberg :—Physikalisch-Okonomische Gesellschaft. Schriften. 
Jahrg.17. Abth. 1, 2. Jabrg. 18. Abth. 1. 4to. 1876-77. 


The Society. 

Leipzig :—Astronomische Gesellschaft. Vierteljahrsschrift. Jahrg. 
13. Heft 1. 8vo. 1878. The Society. 
Liége :—Société Géologique de Belgique. Annales. Tome II, III. 
8vo. 1875-76. | The Society. 
Liverpool :—-Geological Society. Proceedings. Session 18. 1876-77. 
Vol. IIL Part 3. 8vo. 1877. The Society. 
London :—British Horological Institute. Horological Journal. 
Vol. XX. No. 229-238. 8vo. 1877-78. The Instatute. 
Chemical Society. Journal. July to December i877. January to 
June 1878. 8vo. The Society: 


Entomological Society. Transactions for the year 1878. Part 1. 
8vo. 3 The Society. 
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Geological Society. Quarterly Journal. Vol. XXXIV. Part 1, 2. 


(No. 133, 134). 8vo. 1878. The Society. 
Institution of Mechanical wugnaets. Proceedings. January 
1878. 8vo. | The Institution. 
Linnean Society. Journal. Zoology. Vol. XIV. No. 74.— 

Botany. Vol. XVI. No. 96, 97. 8vo. 1878, The Society 
Mathematical Society. Proceedings. No. 126, 127. 8vo. 1877-78. 

| The Society. 
Meteorological Society. Quarterly Journal. Vol. IV. No. 26. 
8vo. 1878. | The Society. 
Odontological sated Transactions. Vol. X. No. 5, 6, 7. 8vo. 
1878. | Society. 


Pharmaceutical Society. Pharmaceutical Journal and Transac- 
tions. June to December 1877. January to June 1878. 8vo.— 
Catalogue of the Collections in the Museum by E. M. Holmes. 


Svo. 1878. | The Society. 
Photographic Society. Journal and Transactions. New Series. 
Vol. II. No. 1-8. 8vo. 1877-78. The Society. 
‘Physical Society. Proceedings. Vol. II. Part 3. 8vo. 1877. - 
| _ The Society. 
Quekett Microscopical Club. Journal. No. 36. 8vo. 1878. 
The Club. 
Royal Astronomical Society. Monthly Notices. Vol. XXXVIII. 
3, 5, 6, 7. 8vo. 1878. _ The Society. 


Royal Geographical Society. Journal. Vol. XLVII. 8vo. 1877.— 
Proceedings. Vol. XXII. No. 2,3. 8vo. 1878.—African Ex- 
_ ploration Fund. 4to. The Society. 
Royal Institute of British Architects. Sessional Papers. 1877-78. 
No. 5-13. 4to. The Institute. 
Royal United Service Institution. Journal. Vol. XXI. Appendix. 
Vol. XXII. No. 95. 8vo. London 1878. The Institution. 
Society of Antiquaries. Proceedings. Second Series. Vol. VII. 
No. 3. 8vo. 1877. The Society. 
Victoria Institute. Journal of the Transactions. Vol. XIT. No. 46. 
8vo. 1878. The Institute. 
Society of Arts. J ournal. June to December 1877. January to 
June 1878. 8vo. The Society. 
Zoological Society. Transactions. Vol. X. Part 6. 4to. 1878. 
Proceedings of the Scientific Meetings for the year 1878. Part 1. 
8vo. The Society. 
Madrid :—Institucion Libre de Ensefianza. Boletin. 1. No. 1-5, 
17-19. Aiio 2. No. 30. roy. 8vo. 1877-78. The Institution. 
Manchester : :—Geological Society. Transactions. Session 1877-78. 
Fol. XIV. Part 18, 19. 8vo. 1878. The Society. 
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Transactions (continued). 


Scientific and Mechanical Society. Annual Report 1876-77. 8yo, 
Papers 1877-78. No. 1-4, 5. 8vo. | The Society. 
Moscow :—Société Imperiale des Naturalistes. Bulletin. Année 
1877. No. 4. 8vo. 1878. | ‘The Society. 
Newcastle-upon-Tyne. Chemical Society. Proceedings. Vol. IV. 
| Part 1. 8vo. 1877-78. The Society. 
Natural History Transactions of Northumberland, Durham, and 

Newcastle-upon-Tyne. Vol. VII. Part1. 8vo. 1878. 
The Tyneside Naturalists Field Club. 
Pelermo :—Societa di Scienze Naturali ed Economiche. Bullettino. 
No. 1-3, 5-6. 4to. 1877-78. The Society. 
Paris :—Académie des Sciences. Comptes Rendus Hebdomadaires 
des Seances. June to December 1877. January to June 1878, 

4to. Tables. Tome LXXXIV, LXXXYV. 4to. 


| The Academy. 

Ecole des Mines. Annales des Mines. 7e Série. Tome XIII. 

Liv. 1 de 1878. 8vo.. The Ecole. 
Ecole Normale Supérieure. Annales Scientifiques. 2e Série. . 

Tome VII. No. 1-4. 4to. 1878. The Ecole. 

Société de Géographie. Bulletin. December 1877. January, 

Mars 1878. 8vo. The Society. 


Société d’Encouragement pour I’Industrie Nationale. Bulletin. 
June to December 1877. January to May 1878. 4to. 
The Society. 
Société Géologique de France. Bulletin. 3e Série. Tome V. 
| No. 9. Tome VI. No..2. 8vo. 1877-78. 
Philadelphia :—American Philosophical Society Proceedings. Vol. 
XVI. No. 103. 8vo. 1877.—List of surviving Members. 8vo. 
1877. The Society. 
Franklin Institute. Journal. Vol. CV. No. 626-630. 8vo. 1878. 
| The Institute. 
Academy of Natural Sciences. Proceedings. 1877. 3 parts. 8vo. 
| The Academy. 


Rome :—Accademia dei Lincei. Atti. Serie Terza. Memorie della — 


Classe di Scienze Fisiche, Matematiche e Naturali. Vol. L 
Dispensa 1-2.—Memorie della Classe di Scienze Morali, Sto- 
riche e Filologiche. Vol. I. 4to. Roma 1877.—Transunti. Vol. 


II. Fase 5. 4to. 1878. | The Acadeny. 

R. Comitato Geologico d'Italia. Bollettino. No. 3 e 4. 8v0. 

* Roma 1878. The Institution. 
St. Louis :—Academy of Science. Transactions. Vol. III. No. 4. 
8vo. 1878. The Academy. 


Salem :—Essex Institute. Bulletin. Vol. IX. No. 1-12. 8vo. 1877. 
The Institute. 
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Stockholm :—Kongl. Akademie. Ofversigt af For. 
handlingar. Arg. XXXIV. No. 9. Arg. XXXV. No. 1-2. 
8vo. 1877-78. The Academy. 

Truro :—Mineralogical Society of Great Britain and Ireland. Mine- 
ralogical Magazine. Vol. II. No. 8. 8vo. 1878. The Society. 

Vienna :—Kaiserliche Academie der Wissenschaften Anzeiger. 
Jahrg. XIV. .No. 14-28. Jahrg. XV. No. 1-14. 8vo. Wien 
1877-78. Academy. 

Osterreichische Gesellschaft fiir Meteorologie. Zeitschrift. Band 
XII. No. 13-24, Band XIII. No. 1-13. roy. 8vo. 1877-78. 
The Society. 

Wiirzburg :—Physikalisch-Medicinische Gesellschaft.  Verhand- 
lungen. Neue Folge. Band XII. Heft 1-2. 8vo. 1878. 

The Society. 
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Reports, Observations, é&c. 

Albany :—New York State Museum of Natural History. Annual 
Reports by the Regents of the University of the State of New 
York, 20th. roy. 8vo. 1868-70. 31st to 28th. 8vo. 1871-75. 

~The Museum. 

Berlin :—KG6nigliche Sternwarte. Berliner Astronomisches Jahr- 
buch fir 1880, herausgegeben von W. Foerster und F. Tietjen. 
8vo. 1878. Circular. No. 63-88, 92. 8vo. The Observatory. 

Boston [U.S.] :—Bussey Institution (Harvard University). Bulletin. 

: Vol. II. Part 3. 8vo. 1878. The Institution. 
Brussels :—L’Observatoire Royale. Annalés Météorologiques. 1877. 
Ff. 2-8. 4to. Bruwelles. Observations Météorologiques faites 
aux Stations Internationales de la Belgique et du Pays-Bas. 

1877. Ff. 4-13. 1878. F. 2. 4to. The Observatory. 

Calcutta :—Geological Survey of India. Memoirs. Palsontologia 

Indica. Ser. 2,3. Jurassic Flora of the Rajmahal Group, by 

O. Feistmantel. Ser. 4,2. Ganoid Fishes from the Dekkan, 

Genus Ceratodus, Kota-Maledi Deposits. Ser. 10,3. Crania 

of Ruminants, by R. Lydekker. Ser. 11, 2. Flora of the 

Jabalpur Group, by O. Feistmantel. 4to. 1877-78. The Survey. 

Cronstadt :—Compass Observatory. Morskoi Sbornik. (Marine 
Collections.) 1877. No. 5-12. 1878. No. 1-5. 8vo. 

The Observatory. 

Dublin:—Weekly Returns of Births and Deaths. Vol. XIV. 

No. 25-52. Vol. XV. No. 1-15, 17-23. 8vo. 1877-78. Quar- 

terly Return. No. 54-56. 8vo. 1877. | 
The Registrar-General for Treland. 
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Reports, &c. (continued). 

Melbourne :—Observatory. Monthly Record of Results of Observa. 
tions in Meteorology, Terrestrial Magnetism, &c. Oct., Noyv., 
1878. Jan. to April, July, Nov., 1877. 8vo. The Observatory. 

London :—Meterological Office. Daily Weather Reports. J uly- 
Dec., 1877. fol. Hourly: Readings from the Self-Reco 
Instruments. May, June, July, August, Sept., 1877. Metero-. 
logical Observations, at Stations of the Second Order, for the 
year 1876. Part 2. 4to. 1878. Weekly Weather Report. Vol. I. 
No. 8-18. 8vo. 1878. fol. The Office. 

Montpellier :—Catalogue de la Bibliothéque de la Ville de Mont- 
pellier (dite du Musée Fabre). Theologie, Jurisprudence, Belles 
Lettres. 8vo. 1875-76. The Municipality. 

Montsouris :—Bulletin Mensuel de 1’Observatoire, publié par 
H. powers Tome VI. No. 64-72. 4to. Paris 1877. | 


The Observatory. 
Paris :—Bulletin Statistique Municipale. 1877. Bulletin 
capitulatif. 1876. 4to. The Prefect of the Seine. 


Rome :—Osservatorio del Collegio Romano. Bullettino Meteoro- 
, logico. Vol. XVI. No. 5-12. Vol. XVII. No. 1. 4to. Roma 
1877-78. 
Prague :—K. K. Sternwarte. Astronomische, Magnetische, und Me- 
teorologische Beobachtungen im Jahre 1877, herausgegeben 
C. Hornstein. Jahrg XXXVIII. 4to. Prag. 1878. 
The Observatory. 
Wellington :—Colonial Museum and Geological Survey of New. 
Zealand. Twelfth Annual Report. 8vo. 1878. The Museum. 
Washington :—Engineer Department U.S. Army. Report of the — 
Geological Expedition of the Fortieth Parallel. Vol. IV. 
Palzontology and Ornithology. 4to. 1877. |The Department. 
United States Geological and Geographical Survey of the Terri- 
tories. Illustrations of Cretaceous and Tertiary Plants of the 
Western Territories. 4to. 1878. The Survey. 
Zi-ka- Wei :—Observatoire Météorologique et Magnétique des Peéres 
de la Compagnie de Jésus. Bulletin des Observations de Sept. 
1875 a Dec. 1875, et de 1876. 8vo. Bulletin Mensuel Année 


1877. No. 37-40. Rev. S. J. Perry, F.R.S. 

Journals. 
American Journal of Science. Vol XV. No. 86-90. 8vo. New Hoon 
1878. The Editors. 


Analyst (The). Nos. 25, 26, 27. 8vo. London 1878. The Editors. - 
Annalen der Physik und Chemie. Neue Folge. 1878. No. 1-5. 8vo. 
Leipzig. Beiblatter 1878. No. 1-5. 8vo. The Editor. 
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Journals (continued). 
Appalachia. February 1878. Vol. I. No. 4. 8vo. Boston ( U. 8.) 
The Editor. 
Atheneum. June to December 1877. January to June 1878. 4to. 
London. The Editor. 
Builder. June to December 1877. January to June 1878. folio. 
London. _. The Editor. 
Bulletino di Bibliografia e di Storia delle Scienze Matematiche e 
Fisiche, pubblicato da B. Boncompagni, Tomo X. Marzo— 
Dicembre 1877. Tomo XI. Gennaio—Aprile 1878. 4to. Roma. 


The Editor. 
Chemical News. June to December 1877. January to June 1878. 
4to. London. | The Editor. © 
Design and Work: a Mechanic’ s Journal. January to June 1878. 
folio. The Editor. 
Educational Times. July to December 1877. January to June 1878. 
4to. London. The Editor. 
Geographical Magazine. J uly to December 1877. January to June 
1878. 4to. London. Messrs. Triibner. 
Indian Antiquary. Edited by James Burgess. Vol. VII. No. 76-80. 
4to. Bombay 1878. The Editor. 
Medical Examiner. June to December 1877. January to June 1878. 
4to. London. The Editor. 
Mondes (Les). June to December 1877. January to June 1878, 8vo. 
Paris. L’ Abbé Moigno. 
Nature. June to December 1877. January to J une 1878. roy. 8vo. 
Messrs. Macmillan. 
Nautical Magazine. July to November 1877. 8vo. London, 
The Editor. 
New York Medical Journal. Vol. XXV II. No. 2-6. 8vo. New York 
1878. The Editor. 
Notes and Queries. June to December 1877. J anuary to June 1878. 
4to. London. | The Editor. 


Observatory: a Monthly Review of Astronomy. Edited by W. H. 
M. Christie. No. 4-14. 8vo. London 1877-78. The Editor, 
Philosophical Magazine. July to December 1877. January to June 


1878. 8vo. London. Francis, 
Popular Science Review. New Series. No. 3-6. 8vo. London 1877- 
78. 3 The Editor. 

_ Quarterly Journal of Science. No. 55-58. 8vo. London 1877-78. 
The Editor. 
Revue Politique et Littéraire. June to December 1877. January to 
June 1878. 4to. Paris. | Mons. Alglave, 


Revue Scientifique. June to December 1877. January to June 1878. 
4to. Paris. Mons. Alglave. 
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Symons’s Monthly Meteorological Magazine. ‘Me. 188-149. 8yo, 
London 1877-78. The Editor. 
Telegraphic Journal. July to December 1877. January to June 1878. 
8vo. London. The Editor, 

Van Nostrand’s Eclectic Engineering Magazine. Vol. XVIII. No. 
114-114. roy. 8vo. New York 1878. The Editor, 


Zeitschrift fiir Biologie. Band XIII. Heft.2-4. Band XIV. Heft. 1. 
8vo. Miinchen 1877-78. _ The Editor. 


Airy (Sir G. B.) F.R.S. On the Inferences for the Value of Mean 
Solar Parallax from the Transit of Venus, 1874. 8vo. London 1877. 
The Author. 
Chambers (Charles) F.R.S. The Meteorology of the Bombay Presi- 
dency. 4to. London anne. Diagrams and Maps. folio. 
The India Office. 
Deydier (—) La Leisiniiien Aérienne. 8vo. Oran 1877. 
The Author. 
Hall (James) Illustrations of Devonian Fossils : Gasteropoda, Ptero- 


poda, Cephalopoda, Crustacea, and Corals of Upper Helderberg, 
Hamilton, and Chemung Groups. 4to. Albany 1876. 


3 The Author. 

Koehne (B. de) Temenothyrae. 8vo. 1878. The Author. © 

Kronecker (—) Abhandlung iiber Abelsche Gleichungen. 8vo. Ber- 
lin 1877. The Author. 


Kummer (—) Verallgemeinerung des Gaussischen Criterium fir den 
quadratischen Rest-Character einer Zahl in Bezug auf eine An- 
dere. 8vo. Berlin 1876. = The Author. 

Marrat (F. P.) A List of West African Shells. 8vo. Leeds 1877. 

| The Author. 
Marshall (John) F.R.S. Anatomy for Artists. roy. 8vo. London 1878. 
The Author. 

Nowneaih (W.) F.R.S. On the Progress of the Foreign Trade of the 

_. United Kingdom since 1856. 8vo. London 1878. The Author. 

Rayleigh (Lord) F.R.S. The Theory of Sound. Vol. II. 8vo. London 


1878. The Author. 
Rosetti (F.) Sui Telefoni senza Lamine. 8vo. Venezia 1878. 
The Author. 


Scott de Martinville (E. Léon) La probléme de la Parole s’écrivant _ 
elle-méme. La France 1853-61-77. L’Amérique 1877-78. 8vo. 
5; Pare 1878. | The Author. 
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Harley (Dr. G.) F.R.S. Rational Spelling: a Conservative Scheme 
for National _— Reform. 8vo. London 1878. | 
The Author. 


Symons (G. J.) F.R. g, British Rainfall 1877. On the Distribution 
of Rain.over the British Isles during the year 1877. 8vo. London 
1878. | The Author. 
Tenison- Woods (Rev. J. E.) Census; with brief descriptions of the 
Marine Shells of Tasmania. 8vo. 1877.. | The Author. 
Tidy (C. M.) Handbook of Modern Chemistry, Inorganic and Or. 
ganic, for the use of Students. 8vo, London 1878. The Author. 
Trois (EK. F.) Contribuzione allo studio del sistema linfatico dei 


Teleostei. 8vo. Venezia 1878. The Author. 

Volpicelli (P.) Nuova Sperienza sulla elettrostatica induzione. 4to. 

| Roma 1877. The Author. 

n Wright (C. R. Alder) Metals and their Chief Industrial Applications. 

12mo. London 1878. Author. 

: Zinno (Silvestro) Altri nnovi processi per ottenere Ossigeno a caldo 
. | ed a freddo e nuove teoriche relative. Memoria. 4to. 

The Author. 


“Qn the Thermo-Electric Properties of Liquids.” By G. Gore, 
LL.D., F.R.S. Received March 12, 1878.* Read March 28. 


In the “ Philosophical Magazine,” January, 1857, I published an ac- 
count of an investigation on the ‘“‘Development of Dynamic Electricity 
by the Immersion of unequally-heated Metals in Liquids,” and observed 
that, if we heat the upper end of a column of an electrically conduct- 
ing liquid, the two ends of the column being bounded by plates of the 
same metal, an wpward current of electricity is usually produced if the 

_ liquid has an acid reaction, and a downward one if it is alkaline ; and 
I showed, in a brief manner, that this statement was true in various 
instances, provided chemical action was excluded. This latter con- 
dition was, in many cases, largely secured by employing platinum 
plates, and avoiding the use of such liquids as corrode that metal. I 

also stated that the currents thus produced did not appear to arise from 
‘any action of heat or other force in the mass of the liquid. 

I have recently investigated this phenomenon more extensively, em- 
ploying, in the first series of experiments, a similar apparatus to the 
one described in that paper, but of a much larger and more effective 
size, as shown below. The circular disks of metal which bounded the ~ 
ends of the glass cylinder were 4} inches in diameter, and the column 


* See ante, p. 272. 
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of liquid was 4 inches in diameter and 1} inch high, and consisted of 


about 12 ounces by measure. The snehades employed in this apparatus 
were in all cases either or 


“i 


The cgantias was made wala ak by th the aid of vulcanized india- 
rubber washers; but, as those washers affected the electric currents, 
they were covered on each side by others of pure india-rubber, some- 
what wider than themselves, secured to them by means of spirit- 
varnish. In some cases, especially for the lower end of the cylinder, 
where the heat did not affect them, washers of the pure rubber alone 
were employed; and, for use with strongly alkaline solutions, the 
vulcanized washers were, in certain instances, previously immersed 
during five or six hours in a hot or boiling and strong sdlution of 
caustic soda, to remove ‘sulphur, and then thoroughly washed. Nearly 
all the liquids were, previous to using, boiled, to expel dissolved alr, 


* Mesers. Johnson and Matthey were kind enough to lend me a valuable pair of 
palladium plates for these experiments. 
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cooled and filtered; the presence of air in the liquid was, however, 
found to interfere but little with the chief results, except with certain 
solutions, or unless the air was large in amount. It is necessary that 
the liquids be clear, for if a solid deposit settles upon the lower plate, 
it interferes with the current. 

In using the ‘apparatus it was essential to screw it together very 
tightly before each experiment, otherwise it became somewhat 
loosened by the influence of the heat upon the upper washers and the 
screws, and the currents were thereby greatly increased in magnitude. 
The quantity of water put into the cistern above the upper plate before. 
each experiment was two ounces, and the current of steam passed into 
it raised its temperature from 60° to 210° F. in about seven or eight 
minutes. It was necessary to take the apparatus asunder, and wash the 
plates and washers thoroughly before each experiment, and to remove 
from them every particle of extraneous substance. In many cases the 


gold or platinum plates (but never the palladium ones, because they 


_ oxidize) were heated to redness before an experiment... The galvano- 
meter employed was in nearly all cases an astatic one, with a coil 
offering a resistance of 100 ohms, and was found to be more suitable 
than others which offered less resistance. 

I examined, by means of this apparatus, a large number of conduct. 
ing solutions, in order to include conspicuous instances of the pheno- 
mena and exceptional cases, as well as to more completely ascertain 
any sources of interference, and the proper conditions for obtaining 


the most reliable-results. Metals or liquids which chemically affected 


each other were usually avoided, and base metals, and even silver, 
| were rarely ased. Plates of palladium were found to be much more fre- 


quently corroded than those of platinum or gold, and were therefore 
much Jess suitable for these experiments; they were thus acted upon — 


in hot or cold ones of chloride of chromium or perchloride of iron, 


in hot solutions of either chloride of manganese, acidulated ones of 


nitrate or chloride of copper, and in one of iodate of potassium. 
Those of copper were corroded in a hot solution of carbonate of sodium. 
With different liquids, also, different circumstances occurred, which 
interfered with the currents ; in some cases the liquid corroded both 
_ Plates, as with palladium in chloride of chromium or perchloride of 
iron; in others it corroded the hot plate only. In some instances the 
liquids were chemically changed by contact either with the hot plate 
or the washers, and deposited oxide or basic salt upon them ; for 
instance, perchloride of iron in contact with hot palladium, slatinnss, 
or gold; or permanganate of potassium in contact with hot platinum 
or with the washers. With strongly. alkaline solutions, the prepared 
washers, and even those formed of pure rubber only, were acted upon, 
the upper stratum of liquid became slightly yellow, and therefore 
altered in chemical composition, and the currents were greatly altered 
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in magnitude, especially if the heat was continued antil bubbles of 
ai formed against the upper plate. 

During an examination, by means of tris apparatus, of nearly all the 
liquids named in this paper, I gradually ascertained the extent of this 

interference of the washers, and found that even the most carefully- 
prepared ones affected, more or less, the magnitude of i teas a 
all solutions which were not neutral, or nearly so, to test-paper ; they, 

however, rarely reversed the direction of the current. The degree of 
tightness, also, to which the apparatus was screwed. up largely affected 
the quantity of the current in such liquids. —_ 

In consequence of these circumstances, I devised and constructed 
the apparatus here represented, and employed it for the purpose of 
checking the results obtained with strongly alkaline or acid solutions, 
in the one with circular plates ; those obtained with the more neutral 


The chief part of this apparatus consists of a bent glass-tube (fig. 1), 
with open cup-shaped ends, B and C, and an open exit-tube, D. This 
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glass vessel, when first constructed, was straight, and the narrow part 
of it, A, afterwards bent by means of a row of Bunsen’s burners. Each 
of the cups contained a ribbon of sheet platinum, E, welded to the 
lower end of a thin platinum tube, F, and coiled into-a spiral form, the 
coil resting upon a triangle of glass rod or platinum wire, G, placed 
inside each cup; each ribbon employed was 48 inches long and 1 inch 
wide, and weighed two troy ounces; shorter and somewhat wider 
ones would be more convenient, and for the cold electrode a much 
smaller one would probably suffice, but only for use with such liquids — 
as offer but little electric conduction-resistance; the hot electrode 
must, however, be large, in all cases, in order to obtain conspicuous 
results. Each of the platinum tubes was tightly fixed in a hole in the 
_ centre of a bung of cork, which fitted the mouth of the cup, by which 
| the electrode might be lifted out; each bung also had a hole in it, for 

the insertion of a thermometer, and a small one, also, for escape of air. 
The ends of thin platinum wires, M, N, for conveying the current to 
the galvanometer, were also fixed securely between the tubes and the 
| bangs. The cup to be heated, C, was surrounded by a brass jacket or 
| eistern, H (viewed from the front), and I (viewed from the side), 
| provided with an exit-tube, J, and a projecting chamber, K (closed at 
| its outer end only), beneath which the flame of a lamp might be con- 
| veniently applied. The jacket was secured water-tight around C 
(fig. 1), by fixing upon the narrow part of the glass tube, at L, a split 
bung, of a diameter such as to tightly fit the lower opening of the 
cistern, and securing the cistern to it water-tight by means of asphalt 
varnish. The jacket was kept concentric with the cup C, by means of 
three pieces of cork fixed between the two vessels at their upper end. 

The exit-tube, D, was provided with a piece of pure india-rubber 
tubing, 15 inches long (fig. 2), provided with a narrow glass funnel, 
O, at its extremity, by means of which both the filling and the 
emptying of the cups, B and C, was effented; a glass stop-cock was 
substituted for the tubing when liquids which acted upon india- 
rubber were employed. The exit-pipe, J, of the cistern was also pro- 
vided with a pinch tap, P, so that the hot water might be quickly 
removed from the cistern after an experiment. Fig. 2 shows the com- 
plete apparatus. The glass tube was supported in a vertical position 


| bya firm clip-support, which grasped it tightly at the poimt A, and 


| the funnel, O, was held in an elevated position by means of a separate 
| clip-support, R, attached by a vertical metal rod to a metal hoop, Q, 
which encircled the cup, B, T is a screen of cardboard, also supported 
by the hoop Q; U, and V, are thermometers. The glass vessel con- 
_ tained about five ounces of solution, and the cistern required about 
three ounces of water. All the algetches are about one-fourth the 
actual linear dimensions. | 

In using the apparatus the dlovideden * were first well cleaned, wash2d, 
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and drained as completely as possible, heated to redness, coiled, and and t 


placed in position; the galvanometer connected; the vessel charged 55° 4 
with the clear and cold solution by means of the funnel, until the 1 
the electrodes were quite submerged; and the deflection of the all t! 
' galvanometer needles was also noted. The cistern was then charged E: 
with water; and as soon as the needles of the galvanometer settled rater 
at or near zero, a Bunsen’s burner (previously placed beneath the of 2! 
projecting chamber K) provided with a regulating tap, was lighted, N 
the water heated to boiling, and boiled until the temperature of the tinu 
solution ceased to rise, the deflections of the needles during the 9 WN 
process of heating being noted. The hot water was then ran ont, Plat 
the apparatus allowed to cool, then discharged of its solation, and N 
thoroughly washed by pouring abundance of cold water through of 1 
each limb. It usually required about three or four minutes to | N 
raise the water in the cistern to 212° F.; the liquid in the cup C h 
usually acquiring a temperature of nearly 150° F. by that time; and thes 
it required the water in the cistern to be kept boiling about six or stre 
eight minutes longer in order to raise the temperature of the inner } 
liquid to 200° F., and that was nearly the highest temperature it would upt 
acquire. No. 
This apparatus acted very satisfactorily, and enabled me to more I 
~ accurately examine the influence of heat in such actions. The results dil 
obtained with this form of thermo-electric liquid examiner, confirmed fro 
in nearly every case, where the currents were feeble, those obtained ws 
with the other one, and confirmed also so far as regards the chief tin 
results (viz., the existence and direction of the current) those obtained ° 9 an 
with strongly acid or alkaline liquids, but less frequently confirmed 1k 
with such solutions the relative magnitudes of the currents in diffe- wk 
rent cases; the large cylinder apparatus may therefore be satisfactorily str 
employed with neutral solutions, but is not suitable for purposes of aff 
accurate measurement of the currents, especially of those eat 
with strongly acid or alkaline liquids. Cr 
Although the experiments made with the cylinder apparatus were 
‘liable to interferences caused by the washers, as nearly all of them Ci 
gave substantially reliable results, it was desirable to record them in 
the following pages for the purpose of comparison. A sufficient Ww 
number of liquids was.examined by means of each apparatus so as to — Ww 
include apparently exceptional cases as well as conspicuous and extreme a] 
instances of the phenomenon; and the following is an abbreviated p 
statement of the results obtained, with occasional remarks upon them. ti 
Behaviour of Different Inquids and Metals. ‘ 
 A.—In the Cylinder Apparatus. re 
In all the experiments: with ‘this apparatus, the water in contact fe 
with the upper plate was raised to a temperature of about 210° F., 
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and the lower plate was at the atmospheric temperature, varying from 
59° to 65° F. In all instances where the temperature is not specified, 
the upper plate was at 210° F. Distilled water was used in making 
all the various solutions, unless otherwise stated. 

Experiment No. 1. 14 oz. by measure of water and 1 oz. of a satu- 
rated solution of pure sodic carbonate. Platinum plates. Galvanometer 
of 25 ohms resistance. Current |, hot plate positive, deflection ‘25°. 

No. 2. 7 oz. of water and 7 oz. of the same saturated solution. Pla- 
tinum plates. Current | 7°5. 


No. 3. 1 oz. of water and 14 oz. of the same saturated solution. 


Platinum plates. Current | 10. 

No. 4. Same mixture as in No. 3. Platinum plates. Galvanometer 
of 100 ohms resistance.* Current | 15. (Compare Nos. 39 and 118.) 

No. 5. The same mixture. Silver plates. Current | 15°75. 

Remarks. No sign of corrosion of the plates appeared in either of 
these five experiments. The current increased in magnitude with the 
strength of the solution. ; | 

No. 6. The same mixture. Copper plates. Current | 65:5. The 
upper plate was found corroded after this experiment. (Compare 
No. 164.) | 

No. 7. Upwards of forty different experiments were made with pure 
dilute sulphuric acid of seven different degrees of strength, varying 
from 12 oz. of water and 3 oz. of the acid to 14 oz. of water, and 
tz 0z. of the acid; and all the mixtures were tried with plates of pla- 
tinum, gold, and palladium. The current was upward in every case, 
and the amount of deflection varied from 14° to 45°. (Compare Nos. 


115, 116, and 117.) The currents were reverse in direction to those 


which would have been produced by chemical action; and were 
strongest with that metal which was the least likely to be chemically 
affected, viz., platinum. 

No. 8. 14 oz. of water and } oz. of sulphuric acid. Silver plates. 
Current { 26°5. 

No. 9. 14 oz. of water, and } oz. of sulphuric acid. Silver plates. 
Current { 32. 

No. 10. 14 oz. of water and 3 oz. of glacial acetic acid, or 14 oz. of 
water, and either } oz. or ;}; 0z. of the acid; each mixture being used 
with palladium plates gave very feeble current | ; and then, on suddenly 
applying much cold water to the hot plate, a less feeble { current was 
produced. Platinum and gold plates gave similar effects with a mix- 
ture of 14 oz. of water and 4 oz. of the acid. 

No. 11. 14 oz. of water and 4 oz. of thick syrupy solution of ordi- 
nary phosphoric acid. Platinum, gold, and palladium plates. Cur- 
rent | about :5. Cold water then applied produced in each case a 
feeble | current. 

* This galvanometer was used in all the subsequent. experiments. 
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No. 12. 14 oz. of water and } oz. of pure nitric acid. Platinum 
plates. Current { 28, Gold plates. Current { 12°5. Palladium 
plates. Current {°75. Cold water produced a feeble current |. 


No. 13. 14 oz. of water and 1 oz. of pure hydrochloric acid. Pla. 


tinum plates. Current { 2. Gold plates. Current { 2. Palladium 
plates. Current {2. Cold water produced feeble | currents. (Com. 
pare No. 143.) 

No. 14. 12 oz. of water oo 3 oz. of a saturated solution of pure 
boracic acid. Platinum plates. Current |1°5. Cold water produced 
a weak current f. 


No. 15. 12 oz. of water and 4 oz. of crystals of sulphate of copper. ‘ 


Plates of platinum, gold, or palladium, gave | currents, strong with 
the two first-named metals and feeble with the last ones. (Compare 
Nos. 42, 43, 44, and 113.) 

No. 16. 12 oz. of water, 4 oz. of crystallized chloride of copper, and 
1 oz. of pure concentrated hydrochloric acid. Gold plates. Current 
| 523 at 160° F.° and 48 at 210° F. Cold water produced a very 
strong | current. 


No. 17. The same mixture, with platinum plates. Current { 544 at _ 
170° F. and 514 at 210° F. (Compare No. 125.) Cold water strongly - 


reversed the current. 

No. 18. The same mixture, with palladium plates. Current | 45 at 
190° F., and 36 at 210° F. Cold water produced a very strong | cur- 
rent, ie" the upper plate was found corroded after the experiment. 
Remarks. These circumstances show that the downward current was 
due to the chemical action excited by the higher temperature. This 
experiment also illustrates the utility of subsequently applying cold 
water to reveal the true effect of heat in cases where chemical action 
interferes. (Compare Nos. 32, 60, and 125.) 

No. 19. 7 oz. of water and 63 oz. of a saturated solution of chlorate 
of copper containing very little free acid. The mixture reddened blue 
litmus paper. Platinum plates. Current { 28 at 195° F., and 15 at 
210° F. Cold water produced a | current. (Compare No. 126. ) 

No. 20. The same mixture. Gold plates. Current { 54. Cold 
water produced a | current. | 

No. 21. The same mixture. Palladium plates. Current { 35. Cold 
water reduced the deflection to 0. 

No. 22. A nearly saturated solution of nitrate of copper, not con- 
taining any free acid. Platinum plates. Current { 81. Cold water 
reversed the direction of the current. | 

No. 23. The same solution. Gold plates. Current { 2 at 180° F. 
Cold water produced a | current. 

No. 24. The same solution. Palladium plates. Current { 159. Cold 
water produced a | current. 


No. 25, 14 oz. of a nearly saturated solution of cupric nitrate and 
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23 oz. of pure concentrated nitric acid. Platinum plates. Current 
| 48. Cold water produced a strong | current. (Compare No. 138). 

No. 26. The same mixture. Gold plates. Current { 53. Cold 
water reversed the current strongly. 

No. 27. The same mixture. Palladium plates. Current {| 56. Cold 
_water produced a very strong | current. The upper plate was found 
corroded after the experiment. Remarks. A comparison of the results 
of Experiments Nos. 25, 26, and 27, with those of the three imme- 
diately preceding ones, shows the effect of the free acid in increasing 
the negative condition of the hot plate. — 

No. 28. 14 oz. of water and 23 oz. of pure concentrated nitric acid. 
Platinum plates. Current { 20} at 160° F., and 164 at 210° F. Cold 
water reversed the current (Couxpare No. 119.) 

No. 29. The same mixture. Gold plates. Current { 244. 
Remarks. A comparison of the last eight experiments shows that a 
mixture of an aqueous solution of cupric nitrate with one of nitric 
acid yields stronger currents than either solution alone. 

No. 30. A strong aqueous solution of chloride of chromium. Gold 
plates. Current { 44 at 200° F., and 42 at 210° F. This liquid had 
not been pre-boiled, and therefore many air-bubbles accumulated 
against the hot plate, but appeared to only slightly decrease the 
amount of deflection. Cold water produced a very strong | current. 

No. 31. The same solution. Platinum plates. Current { 45 at 
180° F., and 42 at 210° F. Cold water produced a very strong | cur- 
rent. No. 123.) 

No. 32. The same solution. Palladium plates. Current | 63. Cold 
water diminished the amount of deflection. Both the plates were a. 
little corroded after the experiment, and each equally so. Repetition 
of this experiment yielded similar effects. (Compare Nos. 18 and 
60.) 

No. 33. 14 oz. of water and 1 oz. of acid chromate of sebenalim. | 
Platinum plates. Current | 1. Cold water reversed the current. 

No. 34. The same mixture. Gold plates. Current | 4} at 200° F. 
Cold water produced a feeble { current. 

No. 35. The same mixture. Palladium plates. Current | 53. Cold 
water produced a feeble { current. 

No. 36. The same mixture, with 1 oz. of dry crystals of chromic 
acid added. Platinum plates. Current { 4}. Cold water first 
slightly increased and then, to a large extent, decreased the current. 
(Compare No. 124.) 

No. 37. The same mixture as in No. 836. Gold plates. Current 
{ 14. Cold water feebly reversed the current. 

No. 38. The same mixture as in No. 37. Palladium plates. Current 
| 3 at 120° F., and f 20 at 210° F., and gradually increased to 30 by 
continuance of heat. Cold water first slightly increased and then 
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equally decreased the current. No signs of chemical action were 
observed. 

No. 39. 1 oz. of water and 14 oz. of a saturated solution of sodic 

carbonate. Platinum plates. Current | 12, and gradually increased 
to 25 by continuance of heat. Cold water reversed the current. 
‘Seaman Nos. 4 and 18.)] 

No. 40. The same mixture. Gold sii Current | 28, and re- 
. mained at 28 by continuance of heat. Cold water strongly reversed 
the current. | 

No. 41. The same mixture. Palladium plates. Current | 35; and 
gradually increased to 40 by continuance of heat. Remarks. The 
increase of current by continuance of heat in these three last experi- 
ments is not wholly due to an action of the liquid upon the washers. 
(Compare Nos. 112, 121, 142,145, 149, 151, and 153.) 

No. 42. 12 oz. of water, 4 oz. of crystals of cupric sulphate, and } oz. 
of pure concentrated sulphuric acid. Gold plates. Current { 48. 
Cold water decreased the deflection to 30. 

No. 43. The same mixture. Platinum plates. Current { 50. Cold 
water diminished the deflection to 30. (Compare No. 127.) 

No. 44. The same mixture. Palladium plates. Current { 373. Cold 
water sent the needles back strongly. (Compare No. 15.) 

No. 45. 2 oz. of water and 12 oz. of a saturated solution of sulphate 
of potassium. Solution very faintly blued neutral litmus paper. 


Platinum plates. Current | 13. Cold water produced a feeble 
upward current. 


No. 46. The same mixture. Gold plates. No current. Palladium 


plates. Current | 24. 


No. 47. 3 oz. of water and 12 oz. of a saturated solution of acid 
sulphate of potassium. Liquid strongly acid to litmus paper. Palla- 
dium plates. Current | 4. Cold water produced a very feeble { current. 

No. 48. The same mixture. Gold plates. No current. Platinum 
plates. No current, but cold water produced a feeble downward 
current in cach case. Remarks. The acid sulphate behaved very much 
like the neutral sulphate in these and other experiments, and both 
behaved like the corresponding chromates. (Compare No. 128.) 


No. 49. 14 oz. of water and } oz. of crystals of cupric acetate. Gold | 


plates. Nocurrent. Cold water produced a feeble | current. 
~ No. 50. The same mixture, with platinum plates. Current { 2 


Palladium plates. No current. Cold water produced a feeble | cur- 
rent, in each case. | 


No. 51. The same mixture, with 3 oz. of glacial acetic acid added to 


it. Palladium plates; no current. Gold plates; current {1}. Pla- 


tinum plates; current [ 14. Coid water produced a downward current 
in all three cases. (Compare No. 122.) 


No. 52. 12 oz. of water and 40z..of yellow chromate of potassium. 
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The solution was alkaline to litmus paper. Platinum plates. Current 
| 4+. Cold water produced an { current. 

No. 53. The same mixture. Gold plates. Current | 14. Cold water 
reversed the deflection. 

No. 54. The same mixture. Palladium plates. Current | 23. Cold 
water produced an | current. 

No. 55. 14 oz. of water and 4 oz. of dry crystals of sulphate of 
nickel. The solution was faintly acid to litmus paper. Palladium 
plates; no current. Gold plates; current | 1. Platinum plates; 
current | 2%. Probably the washers interfered. 

In all three instances cold water produced feeble { currents. (Com- 
pare Nos. 15, 113, and 155.) 

No. 56. A strong solution of chloride of chromium in dechol: The 
solution was acid to litmus paper. Platinum plates. Current { 10 at 
180° F., at which temperature large bubbles of vapour were formed. 
Cold water produced a strong | current. Hemarks. Probable inter- — 
ference produced by upper washer. (Compare No. 129.) 

No. 57. 12 oz. of water and 4 0z. of crystals of nitrate of cobalt. 
The solution was strongly acid to blue litmus paper. Platinum plates. 
No current. Cold water produced a feeble | current. 

No. 58. 12 oz. of water and 4 oz. of dry chloride of cobalt. The 
solution strongly reddened blue litmus paper. Platinum plates. Cur- 
rent { 37. Cold water produced a very ——s | current. (Compare 
No. 120.) 

No. 59. The same mixture. Gold plates. Current [{ 385. Cold. 
water produced a very strong | current. 

No. 60. The same mixture. Palladium plates. Current { 25 at. 
160° F., 0 at 180° F., and |11 at 200° F. Cold water produced a 
rather strong downward current and then an upward one. (For 
similar effects compare Nos. 18 and 32.) 

No. 61. 12 oz. of water and 4 oz. of crystals of sulphate of glucinum.* 
Solution strongly acid to litmus paper. Platinum plates. Current 
-{ 14 at 180° F., and 3 at 210° F. Cold water reversed the deflection. 

No. 62. The same mixture. Gold plates. Current { 2. Palladium 
plates. No current. Cold water produced a feeble downward cur- 
rent in each instance. 

No. 63. 12 oz. of water and 4 oz. of chloride of ammonium. The 
solution was very faintly acid to litmus paper. Platinum plates. 
Current { 14, and, in a second experiment, | 2}. Cold water reversed 
the deflection in both cases. 

No. 64. The same mixture. Palladium plates. No current. Cold 
water produced a feeble { current. 

No. 65. 12 oz. of water and 3 oz. of chloride of potassium. ‘Sola- 
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tion neutral to litmus paper. Palladium plates. Current { 64 at 160° F. 
and 2} at 210° F. Cold water produced a strong | current. 

_ No 66. The same mixture. Platinum plates. Current | 10. (Com- 
pare No. 130.) Gold plates. Current { 11. Cold water strongly 
reversed the current in each case. 

No. 67. A nearly saturated solution of sulphate of magnesium. 
Neutral to litmus paper. With palladium, platinum, or gold plates, 
no current. Cold water produced a very feeble downward current in 
each case. 

No. 68. 12 oz. of water and 4 oz. of very pure crystals of nitrate of 
lead. Solution was acid to blue litmus paper. Gold plates. Current 
| 1. Palladium plates. Current | 2. Platinum plates. Current | 3. 
Cold water reversed the current in each case. 

No. 69. A nearly saturated solution of pure calcic chloride. Neutral 
to litmus paper. Platinum plates. Current | 4. Cold water produced 
_ a feeble upward current. Gold plates; no current. Palladium plates; 
current | 4. Cold water reduced the deflection nearly to zero. 

No. 70. 12 oz. of water and 4 oz. of extremely pure anhydrous car- 
bonate of potassium. Platinum plates. Current | 2. Cold water 
reversed the deflection. (Compare No. 121.) . 

No. 71. The same mixture. Gold plates. Current | 2?, and 44 by 
continuance of heat. Cold water first increased the deflection, and 
then reduced it nearly to zero. | 

No. 72. The same mixture. Palladium plates. Current | 20, and 
‘increasing by continuance of heat. Cold water sent needles back to 
zero. 

No. 73. 13 oz. of water and 2 oz. of dry chloride of manganese. 
Solution acid to litmus paper. Palladium plates. Current { 58% at 
180° F., and 41 at 210° F. Cold water reduced the amount of deflec- 
tion. There were very faint signs of corrosion of the upper plate. 

) No. 74. The same mixture. Platinum plates. Current { 63. 

- (Compare No. 114.) Gold plates. Current | 63}. Cold water reduced 
the current greatly in each case. No signs of corrosion in either | in- 
stance. 

No. 75. A mederately strong solution of very pure chloride of zinc. 
Solution nearly neutral to litmus paper. Palladium plates. Current 
| 2. Gold plates; no current. Platinum plates. Current [}. Cold 
water reversed the deflection in all three instances. 

No. 76. 13 oz. of water and 2 oz. of dry perchloride of iror. The 
solution was acid to litmus paper. Palladium plates. Current { 7% at 

120° F., and | 18 at 210° F. Both the plates were corroded, especially 
_ the upper one. 

No. 77. The same mixture. Platinum plates. Current | 725 at 
210° F. No signs of corrosion, but a film of sesquioxide of iron or of 
basic salt of iron was found all over the upper plate only. (Compare - 
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| No. 160.) With gold plates, current | 72, and a similar film was found 
upon the upper plate only. Cold water reduced the deflection greatly 
in each instance. | 

No. 78. 140z. of water vial 2 oz. of crystals of nitrate of potassium. 
Neutral to litmus paper. —— plates. Current | 3. Cold water 
increased the deflection to 3. 

No. 79. The same mixture. Platinum plates. Current | 14. Gold 
plates. Current | 23 at 180° F., and 1} at 210° F. Cold water pro- 
duced a feeble upward current in each instance. 

No. 80. 13 oz. of water and ¢ oz. of potassic chlorate. Neutral 
solution. Palladium plates. Current {1. Cold water increased the 
deflection to 3. 

- No. 81. The same mixture. Platina plates ; 3; no current. Cold 
water produced a feeble | current. Gold plates; no current. Cold 
water had no effect. | 

No. 82. 13 oz. of water and 2 oz. of large crystals of sulphate of 
zinc. Solution strongly acid to litmus paper. Palladium plates. 
Current | 24. Platinum plates. Current | 3. Gold plates. Current 
| 14. Cold water produced an upward current in each instance. 

No. 83. A saturated aqueous solution of potassic iodate. Strongly 
acid to litmus paper. Palladiom plates. Current {| 30, and increased 
by continued heat. The upper plate was slightly corroded. 

No. 84. The same mixture. Platinum plates. Current [14. Cold 
water decreased the deflection. (Compare No. 132.) 

No. 85. The same mixture. Gold plates. Current | 24 at 170° F 
and 3 at 210° F. Cold water produced a very feeble { current. 

No o. 86. 13 oz. of water and 1 oz. of sticks of ordinary caustic soda. 
Palladium plates. Current | 68. Cold water reduced the deflection 
only to 60. No signs of corrosion. 

No. 87. The same mixture. Platinum plates. Current | 50. Cold 
water reduced the deflection only to 45. After boiling the washers 
half an hour in a similar mixture, and washing them, current | 15. 
By employing new washers of pure india-rubber only, current | 28. 

(Compare Nos. 108 and 148.) The same washers with gold plates, 
current | 44. Palladium plates, and the same washers, current | 41. 
Cold water reduced the deflection in each of these instances. 

No. 88. The same mixture and washers. Silver plates. Current 
| 18 at 180° F., and 10 at 210° F. Cold water increased the deflection 
to 25. No signs of corrosion. 

No. 89. 14 oz. of water and 3 oz. of crystals of sodic hyposulphite. 
Solution very feebly alkaline to litmus paper. Platinum plates. 
Current | 94. (Compare No. 135.) Gold plates. Current | 6. Pal- 
ladium plates. Current | 16. Cold water reduced the deflection in 
each instance. 

No. 90. 14 oz. of water and 2 oz. of nitrate of strontium. Neutral 
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solution. Platinum plates. No current. Gold plates. Current 3 i, 
Palladium plates. Current | 1. Cold water produced a very feeble 
upward current in each instance. 
No. 91. 14.02. of water and 1 oz. of crystals of nitrate of barium. 
Neutral solution. Platinum plates. Current | 14. Gold plates. 
Current | 12. Palladium plates. Current.| #. Cold water reversed 
the deflection feebly in each instance. 
No. 92. 14 oz. of water and 3 oz. of baric chloride. Neutral solution. 
Platinum plates. Current | 1} at 200° F. Gold plates. Current | 14. 


Palladium plates. Current | 23. Cold water reversed the deflection . 


feebly in each instance. 

No. 93. 14 0z. of water and 1 oz. of crystals of colle phosphate 
of sodium. Solution strongly alkaline to litmus paper. Platinum 
plates. Current | 24. (Compare No. 133.) Gold plates. Current | 13. 
Palladium plates. Current | 3. Cold water produced a feeble { current 
in each case. 

No 94. 14 oz. of water and 4 oz. of crystals of stile of 
potassium; pure india-rubber washers. Platinum plates. Current 
| 50 at 290° F. Cold water reduced the deflection to zero. A thin 
film of oxide of manganese was found all over the surface of the upper 
plate only, and a line of the oxide upon each plate close to the edge of 
the washers, especially on the upper plate. (Compare No. 161.) 

No. 95. The same mixture. Gold plates. Current | 6 at 120° F., and 
Zat 210° F. Palladium plates. Current | 514 at 170° F., and 42 at 
210° F. Cold water reversed the deflection strongly in each case. 


No. 96. 14 oz. of water and 1 oz. of ammonia alum. Solution 


strongly acid to litmus paper. Gold plates. Current { 14 at 180° F., 
and # at 210° F. Palladium plates. Current { 13 at 200° F. Platinum 
plates. Current | 1. (Compare No. 136.) Cold water either reduced 
or reversed the deflection in each instance. 

No. 97. 14 oz. of water and 1 oz. of potassium alum. Strongly acid 
to litmus paper. Palladium: plates. Current | 14. Platinum plates. 


Current | 1. Gold plates. Current | 1}. Cold water reversed the 


deflection in each case. 


No. 98. 14 0z. of water and 2 oz. of slightly decomposed iodide of 
potassium. Solution alkaline to litmas paper. Palladium plates. 
Current | 44 at 140° F., and 34 at 210° F. Cold water first in- 
creased the deflection and then reduced it to 31. No signs of cor- 
rosion. 

No. 99. The same mixture. Platinum plates. Current | 50. (Com- 
pare No. 132.) Gold plates. Current | 45. Cold water reduced the 
deflection in each case, and no signs of corrosion appeared. _ 

No. 100. 10 oz. of water and 4 oz. of a saturated solution of bromide 
of potassium. Solution alkaline to litmus paper. Palladium plates. 


current | 23. Platinum plates. Current | 1?. (Compare No. 137.) 
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Gold plates. Current | 24. In’ each instance cold water reversed the 
direction of the current feebly. 

No. 101. 14 oz. of water and } oz. of partly dried borax. Palladium 
plates. Current | 2. Gold plates. Current | 2}. Platinum plates. 
Current | 4$. (Compare No. 134.) Cold water reversed the current 
feebly in each case. 

No. 102. 8 oz. of water and 6 oz. of a saturated selation of chloride 
of strontium. Liquid neutral. Palladium plates. Current*| 13. Cold 
water feebly reversed the current. Platinum plates. Current { 2} at 
140° F., and | 4.at 210° F. Cold water produced a rather strong 
downward current, and then a feeble upward one. Gold plates; no 
current. Cold water produced a weak | current. 

No. 103. 10 oz. of water and 4 oz. of dry chloride of nickel. Solu- 
tion acid to litmus paper. Gold plates. Current { 13. Platinum plates. 
Current | 34. (Compare No. 141.) Cold water reversed the current 
feebly in each instance. 

No. 104. 3 oz. of dry bromide of copper made into 14 oz. of solution 
with water. Liquid acid to litmus paper. Gold plates. Current { 73. 
Platinum plates. Current | 753. Cold water greatly reduced the cur- 
rent in each instance. 

No. 105. The same mixture, with 1 oz. of hydrobromic acid of sp. 
gr. 1:45 added to it, to redissolve a little basic salt which had subse- 
quently separated. Platinum plates. Current f 73}. (Compare No. 111.) 
Sufficient cold water reduced the deflection to zero. 

No. 106. 14 oz. water, and 2 oz. of dry bromide of nickel. Acid 
reaction to litmus paper. Gold plates. Current { 42. Cold water 
quickly brought the needles to zero. Platinum plates. Current { 5] 
at 200° F. and 48 at 210° F. (Compare No. 139.) Cold water pro. . 
duced a strong | current, permanses for a time. 

No. 107. 14 oz. of water and 1 oz. of dry bromide of cobalt. Solu- 
tion acid to litmus paper. Gold plates. Current { 16. Platinum 
plates. Current { 434. (Compare No. +40.) Cold water reversed the 
current in each 

No. 108. 14 oz. of water, and 4 oz. of pure potassic hydrate. Pla- 
tinum plates. Current | 26 at 210° F., increased to 60 by persistent 
heat, and was still increasing. (Comsiene Nos. 87, 112, and 142.) Cold 
water then reduced the current greatly. The washers imparted a 
slightly yellow colour to the upper layer of liquid. Two more experi- 
ments were made with this solution, the washers being again digested 
several hours in a strong and hot solution of caustic soda before each 
experiment; the quantity of the electric current diminished in each 
experiment. 

No. 109. 14 oz. of water, and 1 oz. of cyanide of potassium. Tron 
plates. Current [ 25 at 140° F. No signs of corrosion of the plates 
were visible. (Compare Nos 145, 167.) | 
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No. 110. In order to ascertain the éffect of entire absence of the 
washers with a strongly alkaline solution, I took the solution of caustic 
soda used in experiments No. 86, 87, and 88, and put it into a large 
V-shaped glass tube of 1-inch internal diameter, containing two large 
platinum electrodes wholly submerged, and suspended by thin plati- 
num wires, the ends of the tube being nearly closed by corks, and 
heated one limb of the tube. The hot platinum became positive 5}° 
at 210° F. -By allowing the liquid in the heated limb to come into 
contact with a bung of vulcanized india-rubber, the deflection was 
increased to 40, thus further proving that vulcanized washers were 
liable to interfere with the results. 

Conclusions and Remarks. On classifying and comparing in different 
ways the foregoing results obtained with the large cylinder apparatus, 
we find Ist, that in nearly all cases where the liquid is strongly acid, 
and chemical action is absent, the cold metal is positive to the hot one, 
and the electric current flows upwards. And 2nd, that in nearly all 
those where the liquid is strongly alkaline, and chemical action does 
not occur, the hot metal is positive to the cold one, and the current 
flows downwards; thus affording additional evidence in support of 
the conclusions I drew in my former investigation already referred to 
(see p. 513). 

The nearest approach to exceptions to the above conclusions are in 


the instance of dilute acetic acid (see No. 10); solution of boracic 


acid (No. 14); acid chromate of potassium (Nos. 33, 34, and 35); 
acid sulphate of potassium (No. 47); chloride of potassium (Nos. 66, 


66); (compare No. 130); and potassium alum (No. 97); (compare . 


No, 136); but in each of these cases the electric currents were very 
feeble, ard may have been due to the influence of the washers. 

Nos. ]8, 32, and 60, exhibit rather anomalous results, but in the 
two first of these corrosion of the metal occurred; and in each case 
the metal plates were of palladium, and the solution contained & 
chloride. 

It is important to notice that, provided chemical action is excluded, 
the direction of the current in all the experiments was scarcely at all 
dependent upon the kind of metal, but almost entirely upon that of 
liqud ; the only exception to this were Nos. 85, 96, and 102, and 
these were but feeble ones. In the exceptional cases, Nos. 18 and 32, 
_chemical action occurred. I therefore conclude that it is the nature of 
the liquid, and not that of the metal, which most determines the existence 
and direction of the current. The magnitude of the current, however, 
is largely affected in many cases by a variation in the kind of metal 
employed, even when no chemical change takes place. 

In some cases, especially with strongly alkaline liquids, the current 
due to the heat is greatly increased by keeping the hot plate at 210° 
I’. for some time ; for instance, with palladium in an aqueous solution 


Co 
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of acid chromate of potassium acidified with chromic acid (see No. _ 
35); with platinum, gold or palladium, in solution of carbonate of 
sodium (see Nos. 39, 40, 41); with gold or palladium in carbonate of 
potassium (Nos. 71, 72); also with platinum in potassic hydrate (No. 
108. See also No. 112). 


B.—In the Bent-tube Apparatus. 7 

In the experiments with this apparatus, the solution in the cup B 
was at the atmospheric temperature, viz., from 55° to 65° F., and that 
in cup C was raised to between 190° and 200° F., rarely beyond, by 
keeping the water in the outer cistern at a boiling temperature. The 
solutions were not deprived of dissolved air previous to the experi- 
ments, because the presence of air had been found to have very little 
effect. 

No. 111. The solution of acidulated cupric bromide of No. 105. 
Platinum ribbons. Cold metal positive 63°. (Compare No. 105°.) 

No. 112. 14 oz. water and 4 oz. of pure potassic hydrate. Hot pla- 
tinum positive 5° at 200° F., and 31° by persistent continnance of 
heat. (Compare Nos. 87, 108, 142, and 149.) 

Remarks. This result proves that the great increase of the current 
by continuance of beat in Experiment N o. 108 was not entirely due to 
the influence of the washers. 

No. 113. 14 oz. of water and 4 oz. of crystals of cupric sulphate. 
Hot platinum positive 3°. (Compare Nos. 15; 42, 43, and 44.) 

No. 114. The solution of chloride of manganese of Nos. 73 and 74. 
Cold platinum positive 39°. No signs of chemical change. (Compare 


‘No. 73.) 


No. 115. 14 oz. of water, and } oz. of pure sulphuric acid. Cold 
platinum positive 33°, but diminished to 10 by prolonged heat. (Com- 
pare No. 7.) | 

No. 116. 14 oz. of water, and 1 oz. of the same acid. Cold pla- 
tinum positive 7°, and decreased at 200° F. 

No. 117. 14 0z. of water, and 2 oz. of the same acid. Coid platinum 
positive 24°, and decreased at 200° F. (Compare Nos. 115 and 116.) 
Remarks. In these three last experiments the magnitude of the current 
decreased with the increase of amount of acid preseut. 

No. 118. 13 oz. of water, and 74 oz. of a saturated solution of pure 
carbonate of sodium. Hot sialiaas positive 104°. (Compare Nos. 4 
and 39.) 

No. 119. The mixture of nitric acid and water of No. 28. Cold 
platinum positive 473°. (Compare No. 28.) 

No. 120. The solution of chloride of cobalt of No. 58. Cold platinum 
positive 36°. (Compare No. 58.) 

No. 121. The solution of potassic carbonate of No. 70. Hot pla- 
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 tinum positive 26° at 200° F., and increased to 50° by long-continued 
heat. The needles returned to zero on cooling. (Compare No. 70.) | 
No. 122. The acidulated solution of cupric acetate of No. 51. Cold 
platinum faintly positive at 200 F. (Compare No. 51.) | 
No. 123. The aqueous solution of chloride of chromium of Nos. 30 th 
and 31. Cold platinum positive 48°. Needles returned to zero on (( 
cooling. (Compare No. 31.) 7 
No. 124. The acidulated solution of acid chromate of potassium of ti 
No. 36. Cold platinum positive 32°. (Compare No. 36.) ( 
No. 125. The acidulated solution of cupric chloride of Nos. 16 and 
17. Cold platinum positive 52° at 200° F., and increased to 56° by I 
continued heat. (Compare No. 17.) 


No. 126. The aqueous solution of cupric chlorate of No. 19. Cold 
platinum positive 26°. (Compare No. 19.) . 

No. 127. The acidulated solution of blue vitriol of Nos. 42, 43, and 
44, Cold platinum positive 42°. (Compare No. 43.) 

No. 128. The solution of acid sulphate of potassium of No. 47. Cold | 
platinum feebly positive 4° at 200° F., and decreased by continued 
heat. (Compare No. 48.) : 

No. 129. The solution of chloride of chromium in alcohol of No. 56. 
Hot platinum positive 13° when the alcohol began to boil. one 
No. 56.). 

No. 130. The solution of chloride of potassium of No. 65. Cold 
platinum positive 20° at about 180° F., and declined to 14 at 200° F. 
(Compare No. 66.) 

No. 131. The saturated solution of potassic iodate of No. 83. Cold. 
platinum positive 5° at 200° F., and increased to 14 by continued heat. 
(Compare No. 84.) 

No. 132. The solution of iodide of potassium of No. 98. Hot pla- 
tinum positive 23°, and increased to 87° by.long continued heat. 
(Compare No. 99.) 

No. 1338. The solution of phosphate of sodium of No. 93. Hot pla- 
tinum positive 5° at 200° F. by continued heat. (Compare No. 93.) 

No. 134. The solution of borax of No.101. Hot platinum posi- 
tive 3° at 200° F. (Compare No. 101.) 

No. 135. The solution of hyposulphite of sodium of No. 89. Hot 
platinum positive about 20° at 200° F., and increased to 38 by con- 

tinued heat. (Compare No. 89.) 

No. 136. The solution of ammonia alum of No. 96. Hot platinum 
feebly positive 1}° at 200° F. by continued heat. (Compare No. 96.) 

No. 137. The eclailen of potassic bromide of No. 100. Hot platinum 
positive 74° at 200° F. by continued heat. Compare No. 100.) 

No. 138. The acidulated solution of cupric nitrate of No. 25. Cold - 
platinum positive 40° at 190° F., and increased to 44° at 200° F. by 
continued heat. (Compare No. 25.) 
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No. 139. The solution of bromide of nickel of No. 106. Cold pla- 
tinum positive 27° at about 150° F., and declined to 10° at 200° F. 
(Compare No. 106.) 

No. 140. The solution of bromide of cobalt of No. 107. Cold pla- 
tinum positive 29° at 200° F., and increased to 40 by continued heat. 
(Compare No. 107.) 

No. 141. The solution of chloride of nickel of No. 103. Cold pla- 
tinum positive 17° at 200° F., and decreased 10° by continued heat. 
(Compare No. 103.) 

No. 142. 14 oz. of water and z oz. of very pure hydrate of sodium. 
Hot platinum feebly positive 15° at 180° F., but increased gradually 
to 74° in half an hour at 200° F. by continued heat, and then began to 
decline. The needles returned to zero on cooling. (Compare Nos. 87, 
108, 110, and 112.) 

No. 143. The dilute hydrochloric acid of No. 13. Cold platinum 
positive 3° at 200° F., and decreased to 1° by continued heat. (Com- 
pare No. 13.) 

No. 144. 6 oz. of water, and 1 oz. of anhydrous salle of cobalt. 
Cold platinum positive 6° at 200° F., but declined to 1° by continued 
heat. 

No. 145. The solution of potassic cyanide of No. 109. Hot platinum 
positive 35° at 200° F., and increased to 57 by prolonged heat. No 
signs of corrosion of the plates. (Compare No. 109.) In these two 
instances a difference of metal was apparently attended by a reversal 
of direction of the current (see No. 167). 

No. 146. 6 oz. of water, and } oz. of bichloride of mercury. Not 
the slightest sign of acurrent. emark. This is the most neutral solu- 
tion yet found. 

No. 147. 6 oz. of water, and 1 oz. of dry crystals of argentine 
nitrate. Hot platinum positive 5° at 200° F., and increased to 16° by 
continued heat, and was still increasing when the experiment was 
stopped. Remark. This solution behaved like one of an alkali. (Com- 
pare Nos. 108, 110, 112, 142, and 149.) 

No. 148. 12 oz. of water, and 4 oz. of clear, dry crystals of sulphate 
of manganese. Hot platinum positive 17° at 200° F., and increased to 
253° by continued heat. Remark. This solution also behaves like an 
alkaline one. 

No. 149. 6 oz. of water, containing the carbonate of rubidium from 
23° oz. of dry and well crystallized bitrartrate of rubidium, which 
yielded the exact equivalent weight of the carbonate by ignition, d&c. 
Hot platinum positive 5° at 200° F., and increased to 32” by continued 
heat. The needles returned to zero on cooling. (Compare Nos. 151 
and 153.) 

No. 150. 6 oz. of water, containing the carbonate of cesium, from 
875 grs. of the bitartrate. (N.B.—The salt contained some silica.) 
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Hot platinum became very feeble and very slowly positive 3° at 200° F., 
by prolonged heat. The current declined on cooling.* 

No. 151. 6 oz. of water, containing about 300 grs. of very pure 
fluoride of potassium, quite free from hydrofluoric acid. Solution 


strongly alkaline. Hot platinum positive 15° at 200° F., and increased _ 


to 18° by continued heat, and then began to decrease. (Compare No. 
153.) 

No. 152. 6 oz. of water and 4 oz. of clear colourless crystals of pure 
_selenate of sodium. Hot platinum feebly positive 1° at 200° F., and 
increased to 1#° by continued heat. 

No. 153. 6 oz. of water and 565 grs. of fluoride of rubidinin, per- 
fectly free from hydrofluoric acid. Solution strongly alkaline. Hot 
platinum positive 7° at 200° F., gradually increased to 10° by con- 
tinued heat, and then slowly decreased. (Compare Nos. 149 and 151.) 

No. 154. 6 oz. of water and about # oz. of clear crystals of sulphate 
of didymium.t Hot platinum positive 3° at 200° F., and increased 
to 44° by continued heat, and then began to decline. 

No. 155. The solution of sulphate of nickel of No. 55. Cold plati- 
num feebly positive 1° at 100° F., and hot platinum positive 17° at 
204° F. (Compare No. 55.) 

No. 156. 14 oz. of water and 2 oz. of crystals of chrome alum. Hot 
platinum positive 173° at 170° F. No deflection at 194° F., and cold 
platinum positive 2° at 198° F. No signs of corrosion of either pla- 
tinum ribbon. | 

No. 157. 6 oz. of water and 4 oz. of dry selenious acid. Hot pla- 


tinum positive 92° at 190° F., and 84° at 200° F. No signs of. 


corrosion. 
No. 158. 7 oz. of water and 2 oz. of solid and colourless sulphate of 
alumina. Cold platinum positive 35° at 200° F. | 
No. 159. 7 oz. of water and 2} oz. of dry crystals of green vitriol, 
very slightly oxidized. Hot platinum positive 60° at 198° F. The 


heated part of the solution became quite cloudy, and yielded an 


ochreous deposit, showing a chemical change. 

No. 160. The solution yr perchloride of iron of No. 77. Cold pla- 
tinum positive 59° at 200° F. The needles returned to zero on cooling. 
A very slight film of brown oxide was found on that electrode only 
which had been heated, and probably increased its negative condition. 
(Compare No. 77.) 

No. 161. The solution of permanganate of potassium of No. 94. 
Hot platinum positive 17° at 140° F., the deflection diminished to 0 at 
190° F. On cooling the apparatus, the electrode which had not been 
heated became positive, and when both electrodes were at 56° F. the 


* The bitartrates of rubidium and cwsium were prepared by Dr. H. Trommsdorf, 
of Erfurt. 


¢ Prepared by Dr. Trommsdorff. 
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deflection was 18°. A film of brown oxide was found on that electrode 
only which had been heated, and it was probably this which made that 
electrode first neutral and then negative. (Compare Nos. 77, 94, and 
160.) 

No. 162. A deep blue solution of sulphate of chromium, probably 
containing much free sulphuric acid. Cold platinum positive 74° at 
180° F., and 5$° at 200° F. On cooling the liquid the needles returned 
to zero. 

No. 163. An aqueous setution of iodide of onduilei: Hot platinum 
was feebly positive 1° at 200° F. 

No. 164. A nearly saturated aqueous solution of pure iene of 
sodium. Copper ribbons, 30 inches long and 1} inch wide. Hot 
copper positive 704° at 200° F. (Compare No. 6.) 

No. 165. The same solution. Iron ribbons, 14 inches long and 
15 inch wide. Hot iron positive 70° at 200° F. No signs of corrosion 
of the iron. Remarks. A cheap liquid thermo-electric battery might 
perhaps be formed by means of this combination. It is well known 
that solutions of alkalies protect iron from corrosion, and lime water 
is used for that purpose. — : 

No. 166. The solution of sodic hydrate of No. 142. Iron ribbons. | 
Hot iron positive 753° at 200° F. (Compare Nos. 87, 110, and 142.) 

No. 167. The solution of potassic cyanide of No. 109. Iron ribbons. 
Hot iron positive 44° at 200° F. (Compare No. 109 and 145.) 
Remarks. As an illustration of the absence of corrosive action of this 
liquid upon iron, I took two thin wires of equal dimensions and 
perfectly clean and bright, one of iron and the other of pure gold, 
twisted them together, and immersed them in a solution of potassic 
cyanide in a closed bottle kept at ordinary atmospheric temperature. © 
After a few weeks the gold had entirely dissolved and disappeared, but 
the iron remained unaltered in appearance. I also found iron to be 
electro-negative to gold in such a solution.. Iron employed also as an 
anode in such a liquid offers a much greater degree of resistance 
than gold to the passage of an electric current. 

Remarks and conclusiuns. A review of the results obtained with the 
improved apparatus confirms, in nearly all cases, the general conclu- 
sions (see p. 528) arrived at by means of experiments with the cylinder 
one. The most conspicuous exceptions yet met with have been obtained 
with a solution of sulphate of manganese (No. 148), chrome alum 
(No. 156), sulphate of nickel (No. 155), and argentic nitrate (No. 
147), probably also of sulphate of iron (No. 159); cupric sulphate also 
(Nos. 15 and 113) appears to be a feeble exception. In some acid 
solutions, also, hot platinum is feebly positive, for instance, dilute 
selenious acid (No. 157), an alcoholic solution of chloride of chromium 
(No. 129), and an aqueous one of ammonic alum (Nos. 96 and 136). 
No instance, however, has yet been met with in which, in the absence 
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of chemical change, hot platinum is strongly positive in a strongly 


acid solution, or strongly negative in a very alkaline one; the nearest 
approach to this was in the case of aqueous selenious acid. A law 
without an apparent exception is an unusual phenomenon, and, as a 
single real exception will invalidate a general law, if the above ex- 
ceptions are real ones, they prove that the theory that acids are 
thermo-electro-positive, and alkalies taermo-electro-negative, is not an 
exact one. 

Some strongly acid solutions give only feeble currents; for instance, 
acid sulphate of potassium (Nos. 48 and 128), and some strongly 
alkaline ones behave similarly, except when persistently heated ; for 
example, potassic hydrate (No. 112), sodic hydrate (No. 142), and 
carbonate of rubidium (No. 149). On the other hand, some neutral 
solutions yield currents stronger than the chemical theory would lead 
us to expect; for instance, chloride of potassium (Nos. 66 and 130). 

One rather common effect observed has been a very great increase 
in the magnitude of the current by continuance of the heat without 
increased rise of temperature, as if molecular inertia or some other 
slowly yielding resistance had to be overcome. This occurred in 
nearly all solutions which were strongly alkaline, and was at one time 
suspected by me to be wholly due to the action of the liquid upon the 
washers ; it occurred freely, however, in experiments with the bent 
tube apparatus in which no washers were employed. The following 
are examples of such an effect:—with carbonate of sodium (Nos. 39, 
40, and 41), carbonate of potassium (Nos. 70, 71, 72, and 121), caustic 


potash (Nos. 108 and 112), iodide of potassium (No. 132), sodic hypo- ° 


sulphite (No. 135), cyanide of potassium (No. 145), carbonate of 


rubidium (No. 149), fluoride of potassium (No 151), and fluoride of 


rubidium (No. 153). It also took place, though less frequently and to 
a less degree, in liquids of acid reaction; for instance, an acidified 
solution of acid chromate of potassium (No. 38), iodate of potassium 
(No. 131), an acidified solution of cupric nitrate (No. 138), bromide 
of cobalt (No. 140), argentic nitrate (No. 147), and sulphate of man- 
ganese (No. 148). In some other cases the quantity of the current 
diminished by continuance of heat. 

The whole of the results obtained with this apparatus further con- 
firm the conclusion obtained from the results of the experiments made 
with the cylinder one, viz., that, provided chemical action is not present, 
it is the nature of the Kauid, and not so much that of the metal of the 
electrodes, which determines the existence and direction of the cur- 
rent.* If also we class under the heads of their respective acids all the 


salts employed in the experiments, and then class them similarly under _ 


their respective bases, we find that both the direction and the magni- 


—* No. 109 is not a real exception to this statement. Compare Nos. 109, 145, and 
167. 
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tude of the current varies with each different base and acid; but in the 
few cases in which electrodes of different metal were employed with the 
same liquid, as with platinum, copper, and iron in solution of sodic 
carbonate in Nos. 118-164 and 165; with platinum and iron in solution 
of sodic hydrate of Nos. 142 and 166, aud with iron and platinum in 
solution of potassic cyanide of Nos. 145 and 167, the quantity only, and 
not the direction, of the current was affected. This agrees with the 
results obtained with the cylinder apparatus, in which a greater variety 
of metals was employed. The only apparent exception to this state- 
ment was with iron in solution of potassic cyanide of No. 109; but 
the contradictory result obtained in that case was evidently due to 
the liquid acting upon the washers. | 


Cause of the Currents. 


The heat applied to one of the plates must either act as the real 
cause of the currents, or merely as an exciting cause, by liberating from 
a potential state another force which produces them. [If it acts as the 
real cause, the effect will be proportional to the heat applied, except in 
those cases where some condition (such as conduction resistance, or a 
reversal of electric polarity) exists to prevent or diminish it. If, how- 
ever, it operates merely as an exciting cause, the current would either 
be large in proportion to the amount of heat applied, or vary in a 
different ratio to the temperature, because the liberated force would 
probably obey a different and higher law of increase than that of the 
temperature. The substances also, having evolved a portion of their 
stored-up power, would be in a different potential condition after an 
experiment to what they were before it. If, however, we examine all 
the results, we find that in nearly the whole of the instances the cur-. 
rents increased in magnitude (usually in approximate proportion) with 
the temperature, and the metals and liquids after an experiment were 
in precisely the same physical and chemical state as they were before it, 
and might therefore be used again for the same experiment any number 
of times without loss of efficiency. 

Heat alone, or chemical affinity excited by heat, appears to be the only 
probable cause of the currents. That chemical action, started by heat, 


- did not produce them, appears certain—Ist, because no corrosive effect 


(shown by loss of brightness) was manifested upon the plates, even 
after many experiments, except in certain cases, and this was quite a 
delicate test; * nor in the great bulk of the instances did any other 


* As the plates were burnished, a change of brightness was a much more delicate 
test than any loss of weight, I therefore did not test for corrosion by weighing them. 
To generate a current also of equal amount to that produced in some of the in- 
stances, an appreciable amount of metal would have been required to dissolve. 
Further; no signs of dissolved platinum, gold, or palladium were observed in the 
residues obtained on evaporating and crystallizing the various liquids, in those cases 
where no signs of corrosion had been observed upon the plates. 
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chemical change occur; and, 2nd, because when chemical action of any 
kind did take place, it either produced no electric currents, or it pro- 
duced currents either in a reverse direction, or greater in amount than 
those due to the heat. It also in nearly all such cases either caused the 
plates to lose their lustre, produced a deposit upon them, or made the 
liquids change in colour or become cloudy. In consequence of these 
different effects, the apparatus and method of experiment may be em- 
ployed for detecting some of the chemical (as well as the electrical) 
effects of heat upon electrically conducting liquids. No signs of elec. 
trolytic action, or deposition of metal, even in the most suitable soln- 
_ tions, such as those of copper, were observed ; and there was no reason 
to suppose that the metal plates contained occluded gases. The pheno- 
mena were also inconsistent with the supposition that the heat operated 
by temporarily dissociating the constituents of the liquid. (Compare 
Nos. 77, 94, 159, 160, and 161.) The fact also that the currents pro- 
duced in acid liquids were opposite in direction to those which would 
have been produced by chemical action, is very strong evidence against 
the cause being chemical. From these various circumstances it is clear 
that, except in those cases where signs of chemical change were 
detected, heat was the true and only cause of the currents, and not 
merely an exciting cause of chemical action producing them. | 
Although heat is the true and only cause of the currents, it may 
operate either in a direct manner in producing them, or through the 
agency of some intermediate force. If it operates through some other 
force, then an action of that force must form an essential part of the 


phenomena. As the currents are not confined to magnetic liquids, — 


magnetic action cannot be an essential condition. Light also does not 
manifestly influence the results, and chemical action can be excluded; 
and the only forces likely to be active in the circumstances of the case 
are those of cohesion and adhesion. We know that rise of tempera- 
ture usually diminishes both these powers, expands both solids and 
liquids, and rearranges their molecules; it usually diminishes the adhe- 
sion of liquids to solids ; and in certain cases it even disassociates the 
elements of a compound. As the action, however, which produces the 
current always requires two substances, viz., a liquid and a metal, and 
evidently occurs either wholly or chiefly at their immediate surfaces of 
mutual contact, we may conclude that it is not an effect.of heat upon 
the force of cohesion in the mass of liquid or of metal. 

Although various effects of heat upon cohesion and adhesion must 
occur in the metals and liquids employed in these experiments, and 
cannot be excluded, they may still not necessarily form an essential 
part of the phenomena, but be only concomitant circumstances, and the 
existence of the electric currents may be in no degree dependent upon 
them. As also the currents continue not only during the rise and fall of 


temperature, but likewise during a stationary and prolonged difference | 
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of it, and are not reversed in direction during the cooling, it is evident 
that they cannot be due to the act of diminution of cohesion or adhe- 
sion produced by the heat. As, further, all the substances employed 
are in precisely the same physical and chemical states after an experi- 
ment as they were before it, and as the portion of heat expended in 
raising the temperature, expanding the substances, and diminishing 
their cohesion and adhesion, must have been given out again on the 
cooling and contracting of those bodies, that portion cannot have been 
expended in producing the currents. From these considerations Icon- 
clude that neither the force of cohesion, nor that of adhesion, acts as 
an intermediate cause of the currents, and that the latter are, in an 
ordinary sense of the word, direct effects of the heat. (It may be 
further remarked that if a change of the force of cohesion, or of that 
of adhesion, gave rise to the currents, then such a change when pro- 
duced by other means than heat (such as enormous pressure) must be 
capable of causing similar effects. ) 

As heat was the true, immediate, and only cause of the currents, the 
action may, in accordance with usage in similar cases, be properly 
- termed thermo-electric; and as heat was the only force expended, we 
may also, in accordance with the great law of conservation of energy, 
safely conclude that heat disappeared in the process. And as it is the 
| nature of the liquid which most determines both the existence of the 
current and its direction, it is true thermo-electric action of liquids, 
and liquids possess true thermo-electric properties. 

The heat must, however, be subject in its operation to some guiding 
condition which determines the kind of effect to be produced, and both 
the cause, heat, and the effect, electricity, must be essentially related 
to that condition. Such a condition appears to be the acid or alkaline 
nature of the liquid; as, however, chemical action is not necessary, and 
different liquids of acid reaction (or of alkaline reaction) give a reverse 
direction of current, the chemical conditions of acidity or alkalinity 
are probably only concomitant circumstances, and do not really, but 
only apparently, determine the kind of effect; and as those conditions 
are usually of an opposite kind in liquids which yield an opposite 
direction of current, and are in most cases stronger as the currents are 
more powerful, they are probably themselves dependent upon some 
more general condition which itself determines the direction of the 
currents. | 

A single clear exception invalidates a general inference, and indi- 
cates the existence probably of the action of a second law, or of a more 
general cause or condition. That the thermo-electric-negative pro- 
perty of a liquid is separable from and may exist without the alka- 
line property, is clearly proved by the exceptional directicn of the 
current in solutions of selenious acid (No. 157), sulphate of nickel 
(No. 155), nitrate of silver (No. 147), chrome alum (No. 156), sul- 
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phate of manganese (No. 148), and probably also sulphate of iron ’ 


(No. 159); and in a less conspicuous degree in solutions of sulphate of 
copper (Nos. 15 and 113), sulphate of didymium (No. 154), and other 
substances. 

These anomalous results indicate the existence of a deeper seated 
condition of the currents than that of the acid or alkaline nature of 
the liquid, because the currents in those instances are not merely 
altered in quantity but actually reversed. And this deeper condition 
must also affect the quantity of the current in different cases, because 
a diminution of quantity is a step towards a reversal of direction, and 
an actual reversal is probably only an extreme degree of the same 
change. 

This more abstruse condition consists probably of the structural 
arrangement of the molecules of the liquid; for we know as a matter 
of course that tridimensional geometrical, as well as mechanical condi- 
tions of the molecules must be fundamentally involved in the action. 
_ It is also probable that as the chemical and electrical phenomena in 
these experiments are usually coincident in their changes, this hidden 
condition is of a more general kind than either, and determines not 
only the acid or alkaline reaction of the solution, but also the produc- 
tion and direction of the currents (i.e., it determines whether the heat 
shall produce a current at all, and also the direction of the current pro- 
duced); and that these two effects, the chemical and electrical, are but 
concomitant ones. It is, however, evident that heat acting upon a 
saline conducting liquid in the manner described is not alone sufficient 
to cause a current, but that another condition is necessary, because 
with some good conducting solutions, such as were used in Nos. 47, 
49, 51, 57, 67, 69, 75, 90, 122, and especially No. 146, little or no cur- 
rent was produced. | 

The heat then acts as the real cause of the currents, and a par- 
ticular molecular state of the liquid probably determines the kind and 
direction of effect the heat shall produce, and as we also know that the 
molecular structure of all bodies is profoundly altered by change of 
temperature, we may reasonably conclude that whilst a portion of the 
heat is absorbed in temporarily changing the molecular structure, and 
is again set free when the structure returns to its original state during 


the process of cooling, another portion is expended and lost in pro- 


ducing the current. 


According to this interpretation the phenomenon of the current is a 


_ product of three circumstances, viz., lst, a particular molecular struc- 
ture of the liquid; 2nd, a change of the latter by alteration of tempe- 
rature; and 3rd, a direct conversion of heat into dynamic electricity; 
such conversion being dependent upon the two prior conditions. The 
second circumstance also agrees with the fact that in certain liquids, 
for instance, Nos. 130, 189, 155, 156, 157, and 162, the current does 
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not increase uniformly with the temperature, but in some cases 
diminishes, and in others, for instance, Nos. 155 and 156, is actually 
reversed. 

The following table and diagram represent the change which 
occurred with the solution composed of 14 oz. of water and 2 oz. of 
chrome alum (No. 156); (those of sulphate of nickel (No. 155), and 
bromide of nickel (Nos. 106 and 139), are also shown for three tempe- 
ratures each in the diagram). The dotted lines represent the elec- 
trical states of the heated platinum. 


F. 
0. 
60 — 14 — hot platinum positive. 
70 — 
80 — 
90— 
100 — 43 —. 
1l0— 6 —. 
1200—- 7 —. 
130-11 —. 
140 — 14 
150 — 165 —. | 
170-15 —. 
180 — 
2 —. 
194 — 0. 
198 — 2 «cold platinum positive. 
200 1 | 


*01 — 1 — hot platinum positive. 


| 
| 
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+ Positive. Negative. 


+ Positive. : Negative. = 


These diminutions of current and reversals of its direction by rise of 
temperature indicate irregular molecular changes in the layer of liquid 
next to the heated plate; and the examination of electrically conduct- 
ing solutions by this apparatus and process constitutes a new mode of 
discovering such alterations in them. By obtaining also a sufficient 
variety and number of instances of such change, for comparison, classi- 
fication and generalization, we may probably be enabled to infer and 
discover some general truths respecting molecular action, or gain some 
knowledge of the molecular conditions necessary for the conversion of 
heat into dynamic electricity. As also molecular change is a funda- 
mental action in bodies, and many of the secondary properties of sub- 
stances depend upon molecular state, an alteration of the former is 
usually attended by more than one of the latter ; and we may there- 
fore reasonably infer that the foregoing change . the electrical pro- 
perties of a solution of chrome alum and other liquids is attended by 
other coincident physical changes, such, for instance, as that of expan- 
sion, or of specific heat capacity. 

According to the contact theory of voltaic action, a metal touching 
another metal, or touching a liquid, tends to produce an electric cur- 


210 210 
200 200 
190 190 | 
180 180 
170 170 
| 160 160 
150 150 
140 140 
130 J 130 
120 | 120 
110 110 
100 | 100 
90} 90 
80 80 
70 70 
60 60 
50 50 
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rent by the mere contact alone, and when this contact effect of a 
metal with a liquid differs in strength with two different metals, such 
metals, each at the same temperature, and immersed in a liquid of that 
temperature (whether cold or hot, and without the aid of chemical 
action), generates a current, provided the contact effect of the metals 
themselves does not neutralise that of the metals and liquid. 

Such an effect has been already obtained. Becquerel, for instance, 
immersed pure platinum and gold in various acids, ammonia, and 
neutral saline solution, and obtained very feeble currents. He con- 
cluded that the state of the surface of the metals had great influence, 
and that consequently capillary affinity played a very important part 
in producing the effects. (See “Comptes Rendus Acad. Sci,” Paris, 
1870, pp. 480, 961, 1813; also “Chemical News,” vol. xxii, p. 21, 
and vol. xxiii, p. 222.) As neither gold nor platinum is perceptibly 
corroded by dilute acids, nor usually by saline liquids, at ordinary 
atmospheric temperatures, any electric current produced by such a 
combination can only be due to contact, either of the metals with each 
other or with the liquid. 

According to these facts, as in the thermo-electric apparatus there 
is no contact of dissimilar. metals, both the contact of the cold metal 
(as well as that of the hot one) with the liquid, tends to generate a 
current, and rise of temperature makes the warmer metal only more or 
less electro-positive than it was previously. Another reason also for 
concluding that both the cold and the hot piece of metal, at each 
different temperature, tends to generate a current, is, that with two 
pieces of the same metal at 60° F. in the apparatus, if one was made 
colder, a current was produced in the same direction as when the other 
was heated. The electrical effect, therefore, is a result of a difference - 
of action at the surfaces of contact of the two pieces of metal with the 
liquid ; and the apparatus and method may be employed for detecting 
differences of electric potential between metals and liquids at different 
temperatures. 

In addition to Volta and Becquerel, others, viz., Pfaff, Fechner, Peclet, 
Matteucci, Kohlrausch, Marianini, Hankel, Raia Buff, and Thom- 
son, have investigated the contact theory of voltaic action, and Clifton 
has examined the difference of electric potential produced by the 
contact of metals and liquids (see “ Proc. Roy. Soc.,” 1877, vol. 
XXVI, Pp. 299), but the metals he employed were easily corrodible ones, 
viz., zinc, iron, and copper. 

‘Asi in my experiments the origin of the current appears to lie in a 
conversion of heat into electricity, and heat probably disappears in the ° 
process, it is a reasonable inference that, in the above experiments of 
Becquerel’s, &c., heat also disappears and produces the currents; and, 
if this be correct, then it is also likely that, when a piece of metal is 
simply immersed in a suitable liquid, the temperature is altered; and 


542 Mr. G. Gore on 


this would be a parallel fact-in the science of heat to that of the pro- 
duction of electricity by contact action in electrical science. 

This research throws some light upon the origin of the voltaic cur- 
rent, and the results accord with the original contact theory of Volta (of 
late years revived in this country), that electric currents may be pro- 
duced between metals and liquids, by mutual contact, without the aid of 
chemical action. 

I should much like to determine, by actual experiment, various 
points suggested by this research :—I1st. Whether, by the mere contact 
of a metal and liquid, an alteration of temperature is produced. 2nd. 
To make a model thermo-electromotor, composed of iron and a solution 
of sodic carbonate ; and ascertain its electromotive power, and whether 
a series of several such cells will electrolyse a liquid. 3rd. To test 
the effect of rough and smooth surfaces of the plates. 4th. To en- 
deavour to obtain an electric current with iron plates under the in- 
fluence of magnetism. 5th. To search for other instances of molecular 
change, also for other physical changes (such as that of irregular 
absorption of heat) coincident with the molecular ones. 6th. To com- 
pare the electromotive power of a platinum pair against one of iron, 


gold, silver, &c., and to settle other questions which have occurred to 
my mind. 


- (Added March 17, 1878.) 


The thermo-electric properties of liquids appear to be related to the 
statical electric effects of the contact of metals with liquids. Peclet 
found that platinum and gold exhibited, by contact with acidulated 


water, electric signs contrary to those which would have been pro-. 


duced had those metals been oxidised or chemically corroded ; also, 
that they gave opposite electric signs with solutions of potash, am- 
monia, or hydrosulphate of potassium, to those which they gave with 
dilute nitric, hydrochloric, or sulphuric acid. (See ‘“ Annal de Chim.,” 
1841, vol. ii, pp. 233-255; “Arch. de l’Elect.,” 1841, vol. i, pp. 621- 
650; and De la Rive’s “Treatise on Electricity,’ English edition, vol. ii, 
p. 849.) Pfaff, also, found those metals exhibit opposite electric signs 
by contact with solutions of caustic potash, soda, or ammonia, to those 
obtained by contact with strong nitric, hydrochloric, or sulphuric 
acids. (See Poggendorff’s “ Annalen,”’ 1840, vol. li, pp. 110-124, 
197-212; Wiedemann’s ‘ Galvanismus,” 1872, vol. i, p. 32; and 
Peschel’s “Elements of Physics,” vol. iii, pp. 73-75.) Buff obtained 
similar results to the above, with platinum in. contact with solution of 
potash, dilute nitric or sulphuric acid, commercial nitric acid, and in 
fully concentrated nitric acid. (See Liebig’s “Ann. de Chem. and 
Pharm.” 1842, vol. xlu, pp. 5-14; “Archives de 1’Elect.,” 1843, 
vol. iii, pp. 561-572 ; Wiedemann’s “Galvanismus,” 1872, vol. i, p. 29.) 
Each of these investigators also found platinum become charged with 
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positive electricity by contact with acids, and with negative by contact 
with alkalies ; and its electrical condition in acids to be the opposite of 
that which would have been produced by chemical corrosion. All these 
results agree with mine. The statical electric effects which Pfaff 
obtained with other liquids, such as solutions of argentic nitrate, cupric 
sulphate, ferrous and ferric suiphates, and other salts, also agree in the 
main with the dynamic ones obtained with my apparatus. Rise of 
temperature, therefore, usually only increased and sustained the differ- 
ence of electric condition between metals and liquids which contact 
produced ; and this effect was the same in acid and alkaline solutions. 
_As also the direction of the current agreed usually with that of electric 
polarity produced by contact, if we know that of the one at a particular 
temperature, that of the other may be predicted from it. These con- 
siderations also indicate the existence of a zero of temperature for each 


pair of substances, below which contact would not develop electricity 
in them. | 


(Added March 25, 1878.) 

Since writing the above, I have met with a paper by M. Pouillet on 
*¢ New Phenomena of the Production of Heat,’’* in which the author 
stated, that at the instant a liquid wets a solid, or is absorbed by it, 
there is a disengagement of heat, and proved this statement by nu- 
merous experiments, made with a variety of substances, in such a 
manner as was likely to secure trustworthy results. The liquids 
employed were confined to water, oil, alcohol, and acetic ether only ; 
but the solids were very various, chiefly organic substances, but in- 
cluding also (in a state of fine division) porcelain, glass, clay, carbon, 


sulphur, silica, alumina, magnesia, oxides of chromium, the peroxides 


of iron and of manganese ; also finely-powdered metals, viz., iron, zinc, 
tin, antimony, and copper. The rise of temperature found with in- 
- organic bodies varied from ‘2 to ‘5 of a C. degree, and lasted from two 
to four minutes, and then the temperature returned to its former state. 
Regnault has confirmed the general result. 

As the. mere contact of metals and liquids develops heat, and as 
(without the aid of chemical action) heat excites an electric current, 
and the direction of the current produced by heating platinum in con- 
tact with either acid or alkaline solutions, agrees with the signs of 
static electric polarity excited by the contact of that metal with those 
liquids, we may reasonably conclude that the heat and free electricity, 
excited by such contact, are related to each other, either as cause and 
effect, or as coincident effects of some other cause contained in the act 
of contact. 


* “ Annales de Chimie et de Physique,” 1822, vol. xx, pp. 141-162. 

+ “Annales de Chimie et de Physique,” 1841, vol. i, p. 183. Gmelin’s “ ' Hand- 
book of Chemistry,’’ vol. i, p. 300. 
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“ Observations on Arctic Sea-water and Ice.” By Staff Surgeon 
Epwarp L. Moss, M.D., R.N., late of H.M.S. “Alert.” 
Communicated by Sir GEORGE NARES, Captain, R.N., K.C.B., 
F.R.S. Received May 3, 1878. Read May 23.* 


In order that observations on the specific gravity of sea-water 
should be made in the Arctic Expedition of 1875, by the method 
successfully used on board Her Majesty’s ship ‘‘ Challenger,”+ Sir 
George Nares, when he left that ship to take command of the expe- 
dition, brought with him one of Mr. Buchanan’s hydrometers. 

Professor Hartley superintended the construction of its graduated 
weights, and suggested the supply of apparatus for the volumetric 
estimation of chlorine; and, on the departure of the expedition, both 
sets of observations were allotted to me. 

Storms interfered with observations in the Atlantic, but they were 
begun on entering Baffin’s Sea, and continued till the ships finally 
rounded Cape Farewell. Most of the samples of water examined 
were from the surface, or from close beneath the floes; but whenever 
the exigencies of ice navigation pérmitted, samples were obtained from 
various depths by means of ‘‘ Buchanan’s bottle.” The “ bottle” was 
also used in winter quarters, at first through holes made in the new 
ice, and afterwards of greater depths, when tidal fissures formed wide 
enough to let it pass down between the heavy floes. In very cold 
weather, or when surface fresh water lay over a salt stratum with a 
temperature below the freezing pvint, it was found necessary to be 
specially careful to prevent the addition or withdrawal of ice by the 
cold brass of the bottle ; and during winter, water, however obtained, 
had to be re-mixed after it had acquired the temperature of my cabin, 
for ice formed in transit from the floes to the ship, melted, and layin a 
differently refracting layer on the surface. The temperatures were 
ordinarily taken with an open scaled centigrade thermometer, verified 
at its zero. Its readings were constantly checked by observations 
with the Miller-Casella and Negretti and Zambra instruments, by 
which all the temperatures away from the surface were obtained. 

In the reduction of the specific gravities to a common temperature, 
Hubbard’s coefficients were at first used, but all the observations on 
sea-water in the subjoined tables have been re-calculated by the 
formule published during the absence of the expedition by Professors 


Thorpe and Riicker.{ In the few instances in which the observations | 


were made at minus temperatures, the reductions have been arrived at 


* See ante, p. 446. 


t Mr. J. Y. Buchanan, “ Proc. Roy. Soc.,” vol. xxiii, 1875, p. 301. 
t “Trans. Rov. Soc.,” vol. clxi, Part II, p. 405. 
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by extrapolation; but taking Hubbard’s curve as an extreme, the 
error possible in the small range of temperature involved cannot 
extend beyond the fifth place of decimals. The uncertainty of the 
process has, however, induced me to discard a column in which the 
specific gravities were expressed at the natural temperatures. In both 
tables Stampfer’ s coefficients have been used for the waters from 
melted ice. 

But that an Oertling balance and a reserve of pure nitrate of silver 
were supplied, the chlorine estimations must have been omitted, for 
the standard silver solutions were destroyed by freezing—a disaster 
which considerably curtailed the number of experiments. 

The’ water of the polar basin, to such depths as we reached, had 
already acquired the low specific gravity characteristic of outflowing 
polar currents. ‘This low specific gravity was maintained during 
winter and spring, after nine months’ perpetual freezing. It is to be 
remembered, however, that the samples were from no great depth, and 
from a zone of the Polar Sea that annually receives, not only its own 
precipitation, but also the precipitation of the neighbouring shores, 
and that, too, at a comparatively high temperature. ) 

The channels between the Polar Sea and Smith’s Sound contain two 
strata of sea-water, not owing their temperatures to local causes—an 
upper stratum of polar water overlies a warmer northward flowing 
extension of the Atlantic. The specific gravity observations show that 
the relative position of the layers is due to salinity influencing their 
density more than temperature. To overlie the polar water, the 
denser stratum would require a temperature above 10°C. The highest 
deep temperature obtained was below the freezing point, but there is 
sufficient range between the specific gravities of the deepest samples — 
obtained and of Atlantic water to permit warmer Atlantic water to 
exist at a greater depth. 

In places where the deep water yet retains some tcneiailies above 
the freezing point, direct dilution at its own depth, with fresh water 
from deep icebergs or subglacial streams, may so far reduce its salinity 
as to let it carry warmth to the surface, and thus help to occasion the 
well ktiown “ rottenness” of floes in the neighbourhood of icebergs and 
glacier cliffs. 

In addition to low specific gravity and temperature, the waters of 
outflowing polar currents possess a third characteristic in the disturbed 
proportion between their chlorides and sulphates, pointed out by 
Forchhammer.* His great range of observations gives an oceanic pro- 
portion of 11°87 of sulphuric acid to 100 of chlorine; while his polar 
currents show an average increase in the proportion of sulphates 
amounting to ‘52. The sealed samples of water brought home by me 


* “ Phil. Trans.,” 1865, Part I, p. 228. 
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for verifications yielded 11:21 of sulphuric acid* (SQ;3) to 100 of 
chlorine in the deep warm water of Smith’s Sonnd, and 11°59 in the 
polar water, showing an excess of ‘38 in the latter. 

Forchhammer attributes this disturbed proportion either to a scarcity 
of fucoidal plants or to the vicinity of volcanoes. 

If it be assumed that the dilution of outflowing polar currents is due 
rather to shore precipitation than to transference of polar precipita- 
tion through the perennial floes, the littoral character of the currents 
will alone account for the increase of sulphates. 

On quitting Robeson Channel, Her Majesty’s ship “ Alert” found 
herself on the shores of a sea covered exclusively with the heavy ice 
before met with only in outlying fragments. The pack edge ground- 
ing along the shore in fourteen fathoms, and forced upwards towards 
the beach, formed a barrier reef, inside which the ship found shelter. 
As soon as new floe consolidated it, it was found that the grounded 
masses, resembling icebergs in their size and stratification, differed 
from them in being salt, and the first chlorine estimations were made 
in search of ice fit for the ship’s use during winter. 

On the return of daylight, further observations both on the compo- 
sition and structure of the ice were begun, in the hope that they would 
throw some light on the place and mode of growth of the stupendous 
floes. 

All but the surface of the floating ice was out of reach, but plenty of 
sections were afforded by the great fragments forced upwards on the 
beach. 

A floe grounded a quarter of a mile ahead of the ship had split into 
several rectangular segments. Its largest masses were separated by a 
narrow cleft passing vertically through the ice and exposing a fresh 
section, measuring 47 feet at right angles to the plane of stratifica- 
tion. The floe was belted with a shelf of ice, marking the sea-level 
previous to its last upheaval. The cleft intersected this tide-mark 
11 feet from its top surface. The floe sides under the mark were 
grooved with the vertical channellings of last season’s subaqueous 
thaw, but neither the tide mark nor the groovings passed into the cleft, 
and the sharp edges of the latter had evidently not been exposed to the 
warmth of last summer. 

Dr. Rae has pointed outt how readily salt ice may lose its en- 
tangled brine by drainage; it thus also loses its cryohydrates when 
the temperature rises above their freezing points; but since the 
upheaval of this floeberg was recent, and since the temperature of the 
air was yet below what the ice possessed when submerged, it was fair 


* Precipitated with barium chloride instead of nitrate, as the latter, used by Forch- 
hammer, requires much manipulative skill in its subsequent separation from the 
sulphate. 

t Dr. Rae, ‘‘ Proc. Phys. Soc.,’”’ Part I, p. 14. 
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to infer that this fragment of floe had lost little of its saltness, cer- 
tainly none of its salt ice by drainage ; moreover, it afforded decided. 
facilities for obtaining samples of ice from every height of a consider- 
able section, and accordingly serial chlorine estimations were made 
from top to bottom of it. 

The lowest part of this section was s- probably not the bottom of the 
floe, but samples of deep ice were obtained from an almost overturned 
mass, exhibiting the mammillary elevations common on the under side 
of the floes, and in one part studded with stones and grooved by 
motion against the bottom. Our watering berg offered a section 
where 30 inches of snow-formed ice lay over what had once been a 
superglacial pool in the hollows of a “ blue-domed” floe. It will be 
seen, on reference to the tabulated chlorine estimations, that, while the 
annual floe of one winter’s quarters held one-sixth the chlorine of 
sea water, the most salt parts of the polar floe held but one-fifteenth. 
The chlorine, however, does not represent all the salts, and water from 
such ice is quite too brackish to drink. 

If the salinity of the polar floes leaves their mode of growth doubt- 
ful, evidence much more to the point is supplied by their structure. 
The upper ice of upheaved segments, not only at Floeberg Beach, 
but along the shore as far as my sledge journeys extended, displayed 
more or less distinct horizontal stratification, like that of glacier névé. 
The stratification was strikingly regular and parallel, decreasing in 
width from above: downwards, sometimes ending abruptly, but gene- 
rally becoming indistinct and gradually disappearing 20 feet or 
more from the top. Each stratum consisted of an upper white, 
merging into a lower blue part, the difference in colour depending on 
the greater or less number and size of the air-cells in the ice. The 
lower blue passed abruptly, but without break in structure, into the 
spongy white of the layer beneath. After spring, when all exposed 
ice-surfaces became white and granular, the stratification was to be 
detected only by the unequal disintegration of the white and blue 
parts, causing in well-marked floebergs a crenulated outline in the 
profile of a section; the blue, hard and unchanged, lying in the angle, 
and the white, granular and swollen, in the convexity. This unequal 
disintegration is to be attributed to the lesser transparency of the 
white parts to solar radiation rather than to any difference in salinity 
represented by the trifling and possibly experimental difference in 
specific gravity, shown by estimations Nos. 106 and 107. ‘he in- 
distinctness of stratification produced by summer is not permanent. 
The old floebergs worn into “ blue domes,” and “ pie” shapes were well 
marked in early spring, though they had evidently borne the thaws of 
many seasons. The stratification was most readily seen from a little 
distance. I have marked it in a sketch of a floeberg at Cape Joseph 
Henry, made quite a quarter of a mile off, but frequently the limits of 
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the layers could not be decided upon at arm’s length, and in getting 
samples and measurements the easiest method of procedure was to 
stick on pieces of paper and adjust them to the layers, by retiring to a 
distance of 2U or 30 yards. The thinnest strata observed occurred in 
the sides of a water-worn ravine in a floeberg off Cape Rawson; in the 
middle of the bank, where the sections were nearly vertical, they 
measured 7 inches. An iceberg off Cape Napoleon had strata only 
4:inches wide. The widest I have any notes of were in the top of 
the cleft floeberg already described. Here they were 3 feet deep; but, 
28 feet lower down, the lowest distinguishable strata were 18 inches 
deep. Although the extremes differed so widely, the great majority of 
the stratifications showed layers between 10 and 15 inches wide. In 
instances where stratification ceased abruptly, the ice immediately 
beneath was a sort of conglomerate formed of masses broken from 
older floes cemented together by frozen sea-water,* with differently 
inclined lines of air-cells, and occasionally enclosing aggregations of 
bright-yellow Diatomacee. One such aggregation from a floeberg 
grounded on an island in Black Cliffs Bay, has been submitted to 
Rev. Eugene O’Meara. He has identified the Diatomacee in it, and 
informs me that they are all of decidedly marine growth. Stratifica- 
tion was not distinguishable in the masses of which the conglomerates 
were composed’; indeed, submersion appears to play an important 
part in its obliteration. 

On the 28th March, 1876, I cut a pit through the snow on the top of 
our watering berg and filled it in with minute-crystalled snow from a 
little under the surface. On the 8th of May, the lower crystals were 
adherent to the ice beneath, and had become distinctly larger and 


granular, differing little from those in the undisturbed snow beside . 


them, which were by this time like small transparent hailstones, often 
already grown together into rods and groups. The temperature of the 
air in the meantime, though rising, had never reached 0° C., while the 
ice yet retained much of the cold of early spring. 

A similar growth towards the cold, but upwards instead of down- 
wards, takes place while the temperature of the air is below that of the 
floes or the earth, and helps the wind to harden and crust the upper 
snow. With a hope of testing this growth, two cubes were cut out of 
the same block of snow, and made to weigh exactly 50 grms. each. 
No. 1 was suspended level with the ground, and No. 2 4 feet 8 inches 
above it, in a niche in a snow-house. They were then built up and 
left for ten days, meantime the temperature of the air averaged 
—35°'5 C., while the ground under 5 feet 6 inches of snow was—20°6. 
On re-weighing, No. 1 had lost 1:15 grms., and No. 2 had gained ‘3. 
After the lapse of a second ten days, with an air temperature of 


* The “ Porphyitic ice” of Parry, 4th voyage, p. 88. 
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— 37°4 C., No. 1 had lost an additional ‘9, and No. 2 gained an 
additional 6. 

Admiral Wrangell, in describing the heavy ice isiiailien along the 
northern shores of Siberia, accounts for both its thickness and its 
stratification by the sliding one upon another of thinner floes.* 
Admiral Belcher referred some of the great ice mases in Wellington 
Channel to the same cause,+ but the stratification of the floes met with 
by our expedition cannot be thus accounted for. The behaviour of 
strata overlying an old surface-dome, best shown in the accompanying 
little diagram (fig. 1)—a copy of a pencil sketch made from nature— 
is utterly inconsistent with the sliding-up hypothesis. 


Fig. 1. 


Snow Drift 


The subject of this sketch afforded the only instance of stratifica- 
tion overlying a “‘ blue dome” seen by me. Any deviations from the 
horizontal and parallel were in fact extremely rare, and one of the 
first convictions forced upon me by the facts of the stratification was 
that the floes which showed it could not have been formed in such 2 
region of chaotic disturbance as lay about us. 

Massive floes drifted from the westward into the channels of the 
Parry group, or floating southward in Spitzbergen seas, have made 
arctic travellers familiar with the glassy “ blue tops” or domes of ice 
standing up through the surface snows.{ The upper part of many of 
our grounded floes exhibited such domes in section, and in every case 
the wavy outline cut through the horizontal strata. The larger mounds 
often occurring in miniature mountain ranges on heavy floes are not to 
be confounded with ‘“ blue domes.” They occur along ancient lines of 
fissure, and are simply old hummocks rounded off by snowdrift. 

The occurrence of air-carried dust on the surface of both glacier and 


* Wrangell’s “ Siberian Journey,” edited by Sabine, Appt, p- 393. 

_ + Belcher’s “ Last of Arctic Voyages,” vol. i, p. 101. 

t The journal of Lieutenant Mecham of the “ Resolute” gives a typical — 
tion and sketch of them.—Parl. Reports, 1855, vol. xxv, p. 694. 
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floe ice has been frequently recorded ; sometimes it is clearly traceable 
to neighbouring land, at others, as in the case of the kryokonite of 
Professor Nordenskidld,* and the dust of the East Greenland,+ and 
Spitzbergen ice-fields,t its source is more or less conjectural. 

At Floeberg Beach every breeze strewed the ice with dust from 
shore, consisting of fine sand from the neighbouring hills (effervescing 
with acid), and organic débris of all sorts, bits of saxifrage and moss 
and lemming pellets predominating. Such dust was generally confined 
to the surface of the ice, but a fragment from a bud of Sazifraga 
oppositifolia, recognised by its claw, was found in a dust-line 465 feet 
deep in the ice of a large berg off the ‘‘ south ravine,” and a dust-line 
4 feet deep in the ice of our watering berg, marking the bottom of one 
of three successive “super-glacial lakes,’’§ yielded a lemming hair and 
a shred of bird’s down. 

Another kind of dust of less obvious origin commonly occurred in, as 
well as on, the floes. It was first noticed in the ‘“ Cleft Floeberg,” already 
described in connexion with the chlorine estimations. The walls of the 
cleft exhibited duplicate sections of an old surface pool, and the bottom 
of the pool was marked with a dust-line. A similar, but fainter, line 
passing through the whole berg, lay 8 feet deeper down without any 
appearance of a pool over it. Inthese and other dust-lines observed 
in the floes the line consisted of scattered black points in the ice, some- 
times two or three in a cubic inch, oftener only the same number 
in a cubic foot. Each spot consisted of a single air-cell, rarely 
more than =}, inch in diameter, with its lower half lined with impal- 
pable dust, but otherwise like the air-cells around it. The spot was 


Fig. 2. 


sometimes quite solid. Specimens were obtained for examination by 
‘chipping out lumps of ice holding granules or freighted cells, washing 
them in their own surface-melting, and putting them into clean bottles 
till the cells released a little bubble and the dust fell to the bottom, 
often retaining its shape till shaken. As the surface of a wasting floe 
progressively lowers, these granular masses are collected into groups, 
and keep below the general surface in little pits. 

Enough dust was obtained from the “ Cleft Floeberg ” and from the 


* Prof. Nordenskidld’s “ Expedition to Greenland,” Arctic Manual, p. 325. 
+ “ German Arctic Expedition.” Koldewey, p. 290. 

t “Parry’s” 4th Voyage, pp. 73-75. 

§ “Parry,” 4th Voyage, p. 75. 
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subglacial surface of the salt ice of our watering berg to study its 
characters en masse. Similar dust, but in microscopic quantity, was 
procured from a line 2 feet deep ina heavy floe, a mile in diameter and 
two from the shore, drifted into a curve of the coast south of Cape 
Joseph Henry, and at the same depth from an old “ blue top” in Black 
Cliffs Bay, and also from the dust-line already mentioned as containing 
the saxifrage leaf at a depth of 45 feet. 

A very much worn floe to seaward of the ship supplied a large 
quantity of dust with precisely similar inorganic contents, but enor- 
-mously magnified in apparent quantity and converted into a slimy, 
granular, sour-smelling mud by a growth of a phycochromaceous Alga.* 
Some of the granules deep in ice were altogether inorganic, others 
held another Alga composed of groups of dark brown spheres ;255 inch 
in diameter, associated with spined hemispherical cups 5,55 inch 
diameter, apparently the skins of zygospores. In dust-spots under- 
lying distinctly salt ice Diatomacew naturally attached were not 
uncommon. 

The inorganic part of the dust consists of a reddish impalpable 
sand of even-sized particles, rarely reaching 53, inch in diameter, but 
averaging one-tenth of that size. Placed in a Sonstadt’s solution, 
specific gravity 2°72, it separates into a red part that floats, and a 
much smaller dark green part that sinks. The former consists of 


angular and rounded transparent quartz and rounded red quartz. 


The fraction that sinks contains rounded grains of hornblende, angular 
and rounded augite, brown scales of mica, and numerous crystals of 
magnetite, sharply angular and often imbedded in augite or quartz. 

The dust becomes bright red on incineration, but some of the par- 
ticles still remain magnetic. I searched carefully for, but never found, 
a magnetic particle capable of reducing sulphate of copper. 

‘Two samples of ice-dust were obtained from icebergs, the one at Cape 
Frazer, the other at Cape Louis Napoleon. In both instances the dust 
was in granules imbedded 20 feet or more from the top surface of the 
berg. Neither contained any organic matter. One remained on the 
filter-paper aggregated in the granules or oolite-like grains. Both 
effervesced with hydrochloric acid, but otherwise possessed the same 
mineral characters as the floeberg dust. 

‘During winter at Floeberg Beach an attempt was made to collect 
atmospheric dust by means of an extemporised Maddox aereoscope, 
but it invariably got blocked with snow when there was any wind, and 
was of course useless when there was none. A sheet of glass, exposed 
in absolutely calm weather on top of Thermometer Hill, was more suc- 
cessful. When the minute prisms of ice constantly falling (even in 
an atmosphere so clear that our astronomer made successful observa- 


* Tdentified by Professor Dickie as Nostoe aureum. 
+ Identified by Rev. Eugene O’Meara as Fragillaria oceanica. 
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tions on a star of 3} magnitude 2°15’ from the horizon) were swept 
off into a clean stoppered bottle, and brought on board the ship and 
melted, a very small, but quite distinct, sediment formed, consisting 
of quartose particles, a few red grains, and very minute opaque 
nodules ; thus fairly representing the chief constituents of the ice-dust. 

I have to regret the incompleteness and absence of pre-arranged 
order in the observations that were made, but most of the subjects 
were altogether unforeseen, and it was necessary to take them up and 
make the best of them just as they presented themselves. 

_ My notes have perhaps little bearing on the place of growth of the 
so-called ‘‘ polar floes ;” any hypothesis on that subject must give full 
weight to their wide distribution on both the oceanic and littoral con- 
fines of the unknown area; but the stratification of the floes unmis- 
takeably indicates that the precipitation of the region where they form 
accumulates where it falls. The “conglomerate” sometimes under- 
lying it tells of slow lateral removal by fission and intermediate freezing, 
while the ‘‘ blue-topped ” floes and the wasting grounded ice mark a 
region where temperature gathered in summer by the naked land 
releases the precipitation and restores it to the sea in the shape of out- 
flowing arctic currents of low specific gravity. 
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| Darwin (H.) on Professor Haughton’s 


estimate of geological time, 179. 

—— Dr. Haughton’s reply, 447. 

—— on the bodily tides of viscous and 
semi-elastic spheroids, and on the’ 
ocean tides on a yielding nucleus, 419. 

Davidson (T.), extract from report to 
Sir Wyville Thomson on the Brachio- 

_poda dredged by H.M.S. “ Challenger,” 
428. 
Definite integrals, on certain (Russell), 
129. 
De La Rue (W.) and H. W. Miller, 
experimental researches on the electric 
discharge with the chloride-of-silver 
battery: Part II. The discharge in 
exhausted tubes, 374. 

Dewar (J.) preliminary note on experi- 
ments in electro-photometry, 354. 

and G. D. Liveing, on the reversal 
of the lines of .metallic vapours; 
No. I, 182; No. II, 350; No. ILI, 494. 

Dielectrics, on the viscosity of ; No. I 
(Ayrton and Perry), 238. 

, on the specific inductive capacities 
of certain; first series (Gordon), 270. 

Differential equation of the third order 
(Brioschi), 126. 

Discharges, on stratified, V. Discharges 
from a condenser of large capacity 
(Spottiswoode), 60. 


Eclipse photography, on the use of the 
reflection grating in (Lockyer), 107. 

Election of Fellows, 447. | 

Electric current, on the action of sonorous 
vibrations in varying the force of an 
(Hughes), 362. 

Electric discharge, experimental re- 
searches on the, with the chloride- 
of-silver battery: Part II. The dis- 
charge in exhausted tubes (De La Rue 
and Miiller), 374. 

(thermo) properties of liquids 
(Gore), 272, 513. 

Electrical constants, measurements of ; 
No. II. On the specific inductive | 
capacities of certain dielectrics ; first 
series (Gordon), 270. 

Electrodynamic qualities of metals: 
Part VIL. Etiects of stress on the 
magnetization of iron, nickel, and: 
cobalt (Thomson), 439. 


-Electrometer, on the determination of 


INDEX. 


the scale value of a Thomeon’s quad- 

rant (Whipple), 356. 

. Electro-photometry, preliminary note on 
experiment in (Dewar), 354. 

Elliot (Sir Walter), elected, 447; ad- 
mitted, 447. 

Elliptic functions, addition to memoir 
rr the transformation of (Cayley), 
177. 

Equation différentielle du 3me ordre, sur 
une (Brioschi), 126. 

Equations of circles; second memoir 
(Casey), 417. . 

Ethylidene, on the formation of chlor- 
iodide and brom-iodide of (Simpson), 
424. 

Etiology of infectious diseases, experi- 
mental contribution to the (Klein), 
101. 

Euler’s constant, note on the value o 
(Adams), 88. | 

Eyes of insects, on the modifications of 
the simple and compound (Lowne), 
261. 

Ewart (J. C.), the life-history of Bac- 


terium termo and Micrococcus, with | 


further observations on Bacillus, 474. 
and P. Geddes, on the life-history 
of Spirillum, 481. 


“Facility of production” of chemical 
combinations (Brodie), 51. 

Fayrer (Sir J.) and T. Lauder Brunton, 
note on the effect of various substances 
in destroying the activity of cobra 

ison, 465. 

Fellows elected, 447. 

Films under the action of sonorous 
vibrations, experiments on the colours 
shown by thin (Taylor), 71. 

Fog-signals, recent experiments on 
(Tyndall), 245. 

Frog, experimental results relating to 
the rhythmical and excitatory motions 
of the ventricle of the heart of the 
(Sanderson and Page), 410. 


Gamgee, (A.) and J. Priestley, concern- 
ing the effects on the heart of alternate 
stimulation of the vagi, 94. 

Gases, on stresses in rarefied, arising 

from = inequalities of temperature 
(Maxwell), 304. 

Geddes (P.) and J. C. Ewart, on the 
life-history of Spirillum, 481. 

Geological time, on Professor Haughton’s 
estimate of (Darwin), 179. 

Geology (physical), notes on (Haughton), 


291. 
, No. V. Mr. George H. 
Darwin’s comments. on, note No. III 
(Haughton), 447. 
Germinal matter of the air, on Schulze’s 
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mode of interceping the (Tyndall), 


Glasses intended for objectives, method 
of determining the ratio of the dis- 
persions of (Stokes), 485. 

Glazebrook (R. T.), an experimental 
investigation into the velocities of 
normal propagation of plane waves 
in'a biaxal crystal, with a comparison 
of the results with theory, 496. 

Gordon (J. E. H.), measurements of 
electrical constants; No. II. On the 
specific inductive capacities of certain 
dielectrics ; first series, 270. 

Gore (G.) on the thermo-electric pro- 
perties of liquids, 272, 513. 

Greenwell (Canon W.), elected 447; ad- 
mitted, 447. 

Greenwich and Kew observatories, on 
the comparison of the standard ba- 
rometers of (Whipple), 76. 

Gregory (Right Hon. Sir W. H.) elected, 
94; admitted, 129. 


Harmonic analyzer, shown and explained 
by Sir W. Thomson, 371. 

Haughton (Rev. Samuel), notes on physi- 
cal geology, 291. | 

——,No.V. Mr. George H. Darwin’s 
comments on Note No. III, 447. 

——, on his estimate of geological time 
(Darwin), 179. 

or aed (T.) elected, 447; admitted, 


Head, experimental researches on the 

temperature of the (Lombard), 166: 
- Parts IT, III, 1V, 457. 

Head-kidney, on the existence of a rudi- 
mentary, in the embryo chick (Balfour 
and Sedgwick), 443. 

Heart, concerning the effects on the, of 
alternate stimulation of the vagi 
(Gamgee and Priestley), 94. 

— of the frog, experimental results 
relating to the rhythmical and exci- 
tatory motions of the ventricle of the, 

_ and of the electrical phenomena which 
accompany them (Sanderson and 
Page), 410. 

Hearts (batrachian lymph-), contribu- 
tions to the physiology of (Priestley), 
137. 

Heat, new determination of the me- 
chanical equivalent of (Joule), 38. 

Hopkinson (J.), elected, 447; admitted, 
44,7 


Hughes, (D. E.) on the action of sonorous 
vibrations in varying the force of an 
elevtric current, 362. 


Ice, some experiments on conductive 
properties of, made in Discovery Bay, 
1875-6 (Coppinger), 183. 
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Ice, observations on Arctic sea-water and 
(Moss), 446, 544. 

Infectious diseases, experimental contri- 
bution to the etiology of, with special 
reference to the doctrine of contagium 
vivum (Klein), 101. | 

Insects, on the modification of the simple 
and compound eyes of (Lowne), 261. 


Integrals, on certain definite (Russell), 


129. 

Iodide of calcium and iodide of silver, 
on a new double salt of (Simpson), 
120. 

Iodide (chlor-) and brom-iodide of 
ethylidene, on the formation of 
(Simpson), 424. 

Invariants (fundamental) of binary 
quantics, on the limits to the order 
and degree of (Sylvester), 11. 

Iron and steel, on the alteration of the 
thermal conductivity of, caused by 
magnetism (Tomlinson), 109. 

Isopoda, on the development of the 
parasitic (Bullar), 284. 


Jackson (J. Hughlings), elected, 447. 
Joule (J. P.), new determination of the 
mechanical equivalent of heat, 38. 


Kerguelen Island, magnetic observations 
taken during the transit of Venus, 
expedition to and from (Perry), 1. 

Kew observatory, on the determination 
of the scale value of a Thomson’s 
quadrant electrometer for registering 
the variations in atmospheric elec- 
tricity at the (Whipple), 356. 

Kew and Greenwich observatories, on 


the comparison of the standard ba-— 


rometers of (Whipple), 76. 
Klein (E.), experimental contribution to 
the etiology of infectious diseases with 
special reference to the doctrine of 
contagium vivum, 101. 


Lead, note on the specific gravity of the 
chlorides of thallium and (Roscoe), 
426. 

Legendre’s coefficients, on the expression 
of the production of any two, by 
means of a series of Legendre’s co- 
efficients (Adams), 63.° 

note on (Todhunter), 381. 

Lewis (B.) and H. Clarke, the cortical 
lamination of the motor area of the 
brain, 38. 

Life-history of a minute septic organism 
(Dallinger), 332. 

—— —— of Bacterium termo and Mi- 
crococcus (Ewart), 474. 

—— —— of Spirillum (Geddes and 
Ewart), 481. 

Lindsay (Lord), elected, 447. 


INDEX. 


Lines of metallic vapours, on the reversal 
of the (Liveing and Dewar), No. I, 132; 
No. II, 350; No. III, 494. 

—— (bright), in the spectra of stars 
and nebule (Lockyer), 50. 

Liquids, on the thermo-electric properties 
of (Gore), 272, 513. 

Liveing (G. D.) and J. Dewar, on the 
reversal of the lines of metallic va- 
pours, No. I, 132; No. II, 350; No. 
ITI, 494. 

Loci, on the classification of (Clifford), 
370. 

Lockyer (J. N.), note on the bright lines 
in the spectra of stars and nebula, 50. 

——, note on the existence of carbon in 
the coronal atmosphere of the sun, 
308. | 

——,, on the use of the reflection grating 
in eclipse photography, 107. 

——, researches in spectrum analysis in 
connexion with the spectrum of the 
sun, 49, 279. No. V, 409. 

Logarithms of 2, 3, 5, 7, and 10, on the 
values of the Napierian, and of the 
modulus of common logarithms, all 
carried to 260 places of decimals 
(Adams), 88. 

Lombard (J.S8.), experimental researches 
on the temperature of the head, 166 ; 
Parts II, I1I, IV, 457. 

Lowne, (B. T.), on the modifications of 
the simple and compound eyes of in- 
sects, 261. 

Lymph-hearts, contributions to the 
physiology of batrachian (Priestley), * 
137. 


McIntosh (Dr. W. C.), admitted, 291. 

Magnetic declination, on the diurnal 
range of the, as recorded at the Tre- 
vandrum observatory (Stewart), 81. 

, on the variations of the di- 
urnal range of the, as recorded at the 
Prague observatory (Stewart), 389. 

Magnetic observations taken during the 
transit of Venus expedition to and 
from Kerguelen Island (Perry), 1. 

Magnetism, on the alteration of the 
thermal conductivity of iron and 
steel caused by (Tomlinson), 109. 

Magnetization of iron, nickel, and cobalt, 
effects of stress on the (Thomson), 
439. 

Magneto-electric light, on the photo- 
metry of the (Abney), 157. 

Marcet (W.), summary of an experi- 


mental inquiry into the function of - 


respiration at various altitudes, 293. 

Maxwell (J. C.) on stresses in rarefied 
gases arising from inequalities of tem- 
perature, 304. 


\ 


INDEX. 


Mechanical equivalent of heat, new de- 
termination of the (Joule), 38. 

Metallic vapours, on the reversal of the 
lines of (Liveing and Dewar), No. I, 
132; No. II, 350; No. III, 494. 

Metalloids, spectra of. Spectrum of oxy- 
gen (Schuster), 383. 

Metals, electrodynamic qualities of: 
Part VII. Effects of stress on the 
magnetization of iron, nickel and co- 

balt (Thomson), 439. 

Micrococcus, the life-history of Bacte- 
rium termo and (Ewart), 474. 

Microphone (Hughes’), 365. 

Moseley, (H. N.), on the structure of the 
Stylasteride, a family of the hydroid 
stony corals, 141. 

Moss (E. L.), observations on Arctic sea- 
water and ice, 446, 544. 

Miller (H. W.) and W. De La Rue, 
experimental researches on the electric 
discharge with the chloride-of-silver 
battery: Part II. The discharge in 
exhausted tubes, 374. 


Napierian logarithms of 2, 3, 5, 7, and 
10, on the values of the (Adams), 88. 
Nebulz, note on the bright lines in the 
spectra of stars and (Lockyer), 50. 

Nervous system in vertebrate animals, 
contributions to the anatomy of the 
central: Part I. Ichthyopsida. Sec- 
tion I. Pisces. Subsection I. Teleostei 
(Sanders), 415. . 

—— of aurelia aurita, observations on 
the (Schafer), 16. 


Nuclei, on the action of ozone on (Tom- © 


linson), 290. 


Obituary notice :— 

Karl Ernst von Baer, i. 

Objectives, method of determining the 
ratio of the dispersions of glasses in- 
tended for (Stokes), 485. 

Organic matter, on putrescent, in potable 
water (Bischof), 258. 

Osteology of Polyodon folium (Bridges), 
454. 

Oxidation, the acceleration of, caused by 
the least refrangible end of the spec- 
trum (Abney), 291; Note II, 451. 

Oxygen, spectrum of (Schuster), 383. 

Ozone, on the action of, on nuclei (Tom- 
linson), 290. 


Page (F. J. M.) and J. B. Sanderson, 
experimental results relating to the 
rhythmical and excitatory motions of 
the ventricle of the heart of the frog, 
410. 

Parasitic iso 
of the (Bullar), 284. 

Parker, (W. K.) on the structure and 


da, on the development 
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development of the skull in the com- 
mon snake (Tropidonotus natrix), 13. 

Pedler (A.) on cobra poison, 17. 

Perry (J.) and W. E. Ayrton, contact 
theory of voltaic action: Parts I and 
II, 196. 

——— ——, on the viscosity of dielectrics, 
No. I, 238. 

Perry (Rev. 8. J.), ic observa- 
tions taken during the transit of Venus 
expedition to and from Kerguelen 
Island, 1. 

Photography (eclipse), on the use of the 
reflection grating in (Lockyer), 107. 
Photometry of the magneto-electric 

light (Abney), 157. 

—— (electro), preliminary note on 
experiments in (Dewar), 354. 

Placentation of the apes, with a com- 
parison of the structure of their pla- 
centa with that of the human female 
(Turner), 271. 

Poison, on cobra (Pedler), 17. 

— ——-,, note on the effect of various 
substances in destroying the activity 
of (Brunton and Fayrer), 465. 

Poisonous principle of Urechites sube- 
recta on the physiological action of 
the (Bowrey), 309. | 

—— folium, osteology of (Bridge), 

4, 

Prague observatory, on the variations of 
the diurnal range of the magnetic 
declination as recorded at the (Stewart), 
389. 

Presents lists of, 141, 273, 402, 503. 

Priestley (J.), contributions to the 
of batrachian lymph-hearts, 
137. 

——,and Dr. Gamgee, concerning the 
effects on the heart of alternate stimu- 
lation of the vagi, 94. 

Putrescent organic matter in potable 
water (Bischof), 258. 


Quantics, a tenth memoir on (Cayley), 

—— (binary), on the-limits to the order 
and degree of the fundamental in- 
variants of (Sylvester), 11. 


Radiation, on repulsion resulting from : 
Part V (Crookes), 29. 

Reflection grating, on the use of the, in 
eclipse photography (Lockyer), 107. 

Repulsion resulting from radiation: 


Part V (Crookes), 29. 

Respiration at various altitudes, sum- 
mary of an experimental inquiry into 
the function of (Marcet), 293. 

Roberts (S.) elected, 447 ; admitted, 447. 

Robinson (Rev. T. R.) on the determi- 
nation of the constants of the cup- 
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anemometer by experiments with a 
whirling machine, 286. 

Roscoe (H. E.), note on the specific 
gravity of the vapours of the chlorides 
of thallium and lead, 426. oS 

Russell (W. H. L.) on certain definite 


integrals, 129. 


Saline sojutions, further note on super- | 


saturated (Tomlinson), 121. 

Sanders (A.), contributions to the ana- 
tomy of the central nervous system 
in vertebrate animals. Part I. Ich- 
thyopsida. Section 1. Pisces. Sub- 
section 1. Teleostei, 415. 

Sanderson (J. B.) and F. J. M. Page, 
experimental results relating to the 
rhythmical and excitatory motions of 
the ventricle of the heart of the frog, 
and of the electrical phenomena which 
accompany them, 410. 

Schafer (E> A.) elected, 447. | 

——., observations on the nervous system 
of Aurelia aurita, 16. 

Schulze’s mode of intercepting the ger- 


minal matter of the air (Tyndall), 99. 


Schuster (A.) on the spectra of metal- 
loids: spectrum of oxygen, 383. 
Sea-water and ice, observations on Arctic 
oss), 446, 544. 
Sedgwick (A.) and F. M. Balfour, on the 
existence of a rudimentary head- 
_kidney in the embryo chick, 443. 
Septic organism, on the life-history of a 
minute, with an account of experi- 
ments made to determine its thermal 
death point (Dallinger), 332. 
Simpson (M.). Chemical notes, 118. 


——, on the formation of chlor-iodide | 


and brom-iodide of ethylidene, 424. — 
Skull in the common snake (Tropido- 
notus natrix), on the structure and 
development of the (Parker), 13. 
Sladen (W. P.) on Astrophiura permira, 
an Echinoderm-form intermediate be- 
tween Ophiuroidea and Asteroidea, 
456. 
Smith (Right Hon. W. H.) elected, 94; 
admitted, 447. 
Snake, on the structure and development 
of the skull in the common (Parker), 


13. 

Solar eclipse of July 29, 1878, facilities 
of conveyance offered to observers by 
the Pennsylvania Railroad Company, 
284. 

Sonorous vibrations, experiments on the 
colours shown by thin liquid films 
under the action of (Taylor), 71. 

, on the action of, in va wo been 
force of an electric current (Hughes), 

362. 


Specific gravity of the vapours of the 


INDEX. 


chloridesof thallium and lead (Roscoe), 
426 


Spectra of metalloids: spectrum of oxy- 
gen (Schuster), 383. ; 

—— of stars and nebule, note on the 
bright lines in the (Lockyer), 50. 

Spectrum, the acceleration of oxidation 

caused by the least refrangible end of 
the (Abney), 291; Note II, 451. 

Spectrum analysis, researches in, in con- 
nexion with the spectrum of the sun 
(Lockyer), 49, 279; No. V, 409. 

Spheroids, on the bodily tides of viscous 
and semi-elastic (Darwin), 419. 

Spirillum, on the life-history of (Geddes 
and Ewart), 481. 

Spottiswoode (W.) on stratified dis- 
charges. V. Discharge from a con- 
denser of large capacity, 60. 

Sprengel (H.) elected, 447. 

Stars and nebulw, note on the bright 
lines in the spectra of (Lockyer), 50. 

Stewart (Balfour) on the diurnal range 
of the magnetic declination as recorded 
at the Trevandrum observatory, 81. 

on the variations of the diurnal 
range of the magnetic declination as 
recorded at the Prague observatory, 
389. 

Stokes (G. G.) on an easy and at the 
same time accurate method of deter- 
mining the ratio of the dispersions of 
glasses intended for objectives, 485. 

Stratified discharges. V. Discharges 
from a condenser of large capacity 
(Spottiswoode), 60. 

Stress, effects of, on the etization 
of iron, nickel, and cobalt (Thomson), 
439 


Stresses in rarefied gases arising from 
inequalities of temperature (Maxwell), 
304. 

Stylasteride, on the structure of the, a 
family of hydroid stony corals (Mose- 
ley), 141. 

Sun, note on the existence of carbon in 
the coronal atmosphere of the (Lock- 
yer), 308. 

, researches in spectrum analysis in 
connexion with the spectrum of the 
(Lockyer), 49, 279; No. V, 409. 

Supersaturated saline solutions, further 
note on (Tomlinson), 121. 

Supersaturation, on the function of. the 
sides of the vessel in maintaining the 
state of (Tomlinson), 189. 

Sylvester (J. J.) on the limits to the 
order and degree of the fundamental 
invariants of binary quantics, 11. 

— (G. J.), elected, 447 ; admitted, 
447. 


Taylor (Sedley), experiments on the 


INDEX. 


colours shown by thin liquid films 
under the action of sonorous vibra- 
tions, 71. Note, 446. 
Teleostei, contributions to the anatomy 
_of the central nervous system (San- 
ders), 415. 

Temperature, on stresses in rarefied 
gases arising from inequalities of 
(Maxwell), 304. 

of the head, experimental researches 
on the (Lombard), 166: Parts II, 
III, IV, 457. 

Thallium and lead, note on the specific 
gravity of the vapours of the chlorides 
of (Roscoe), 426. 

Thermal conductivity of iron and steel, 
on the altcration of the, caused by 
magnetism (Tomlinson), 109. 

Thermo-electric properties of liquids 
(Gore), 272, 513. 

— (Sir W.), harmonic analyzer, 
371. 

——, electrodynamic qualities of metals. 
Part VII. Effects of stress on the 
magnetization of iron, nickel, and co- 
balt, 439. 

Thomson’s quadrant electrometer, on the 
determination of the scale value of a, 
used for registering the variations in 
atmospheric electricity at the Kew ob- 
servatory (Whipple), 356. 

Thymus, note on the minute anatomy of 
the (Watney), 369. 


Thyroid gland, further researches on 


the minute structure of the (Baber), 


56. 

Tides (bodily) of viscous and semi- 
elastic spheroids, and on the ocean 
tides on a yielding nucleus (Darwin), 

«419. 

Time, on Prof. Haughton’s estimate of 
geological (Darwin), 179. 

Todhunter (I.), note on Legendre’s co- 
efficients, 381. 

er (C. 8.), elected, 447 ; admitted, 
44 


Tomlinson (C.), further note on super- 
saturated saline solutions, 121. 
——,on the action of ozone on nuclei, 


—-, on the function of the sides of the 


vessel in maintaining the state of 
189. 
Tomlinson (H.), on the alteration of the 
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thermal conductivity of iron and steel 
caused by magnetism, 109. 

Transit of Venus expedition to Ker- 
guelen Island, magnetic observations — 
taken during the (Perry), 1. 

Trevandrum observatory, on the diurnal 
range of the magnetic declination as 
recorded at the (Stewart), 81. 

Tropidonotus natrix, 13. 

Turner (W.) on the placentation of the — 
apes, with a comparison of the struc- 
ture of their placenta with that of the 
human female, 271. | 

Tyndall (J.) on Schulze’s mode of inter- 
cepting th: germinal matter of the air, 
99. 


——, recent experiments on fog signals, 
245. 


Urechites suberecta, on the physiological 
action of the poisonous principle of 
(Bowrey), 309. 


Vagi, concerning the effects on the heart — 
of alternate stimulation of the (Gamgee 
and Priestley), 94. 

Velocities of normal propagation of plane 
waves in a biaxal-crystal, experimental 
investigation into the (Glazebrook), 
496. 

Viscosity of dielectries, No. I (Ayrton 
and Perry), 238. 

Voltaic action, contact theory of, Parts 
I, II (Ayrton and Perry), 196. 


Water, on putrescent organic matter in 
potable, II (Bischoff), 258. 
Watney (H.), note on the minute ana- 


tomy of the thymus, 369. 
Waves, experimental investigation into 
the velocities of normal propagation of 


plane, in a biaxal crystal (Glazebrook), 
496 


Whipple (G. M.) on the comparison of 
the standard barometers of the Royal . 
observatory, Greenwich, and the Kew 
observatory, 76. 

on the determination of the scale 
value of a Thomson’s quadrant elec- 
trometer used for registering the vari- 
ations in atmospheric electricity at 
the Kew observatory, 356. 

Whirling machine, experiments with a 


(Robinson), 286. 
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